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1 INTRODUCTION 

1.1 Overview 

Canomara LLC (CM) was contracted by Algonquin Gas Transmission, LLC (AGT), a 

business unit of Enbridge, Inc. (Enbridge), to conduct compliance emissions testing on one Solar 

Taurus 60-7802 natural gas fired turbine located at the Weymouth Compressor Station at 54 

Bridge Street in North Weymouth, MA.  The purpose of the testing was to demonstrate 

compliance with the testing requirements of Massachusetts Department of Environmental 

Protection (MassDEP) Plan Approval Application Number SE-15-027 and 40 CFR 60 Subpart 

KKKK, Standards of Performance for Stationary Combustion Turbines.  Testing occurred on 

February 15 and 16, 2023. 

 

 

1.2 Contact Information 

Mr. Evan Bali of CM was the project manager for the test program. Ms. Kathryn Brown of 

AGT/Enbridge coordinated testing with plant operations and Mr. Benjamin Wankum of 

AGT/Enbridge was the station supervisor.  Mr. Seth Pickering of MassDEP observed the testing. 

Contact information is summarized below. 

 
Kathryn Brown 
Enbridge, Inc. 
890 Winter St. Suite 320 
Waltham, MA 02451 
207.415.5137 
kate.brown@enbridge.com 
 
Seth Pickering 
MassDEP BAW 
Southeast Region 
20 Riverside Drive 
Lakeville, MA, 02347 
857.202-0116 
seth.pickering@state.ma.us 

Evan Bali, QSTI 
Canomara LLC 
PO Box 941 
Simsbury, CT 06070 
860.865.1166 x802 
evan@canomara.com 
 
Benjamin Wankum 
Enbridge, Inc. 
54 Bridge Street 
Weymouth, MA 
781.277.6060 
benjamin.wankum@enbridge.com          
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2 SCOPE OF WORK AND TEST RESULTS 

CM conducted emissions testing on the Solar Taurus 60 in accordance with US EPA test 

methods.  Table 2-1 contains the test matrix.   

 

Table 2-1 
Solar Turbine Test Matrix 

Weymouth Compressor Station 

Parameter Methods 
Tests and 
Duration 

MassDEP Limits 2,3 

Oxygen (O2) 
Carbon Dioxide (CO2) 

EPA 3a 3, 60-minute N/A 

Oxides of Nitrogen (NOx) EPA 7e 3, 60-minute 9 ppmvd @ 15% O2 

Carbon Monoxide (CO) EPA 10 3, 60-minute 1.25 ppmvd @ 15% O2 

Volatile Organic 
Compounds (VOC) 

EPA 25a 3, 60-minute 2.4 ppmvd @ 15% O2 

Particulate Matter 
(PM2.5) 1 

EPA 1-5/202 3, 250-minute 0.0066 lb/MMbtu 

1. PM2.5 was conducted in accordance with EPA Method 5 and 202 where total particulate matter is 
reported as PM2.5 by combining filterable and condensable particulate matter. 

2. The subpart KKKK limit is 25 ppmvd @15% O2. 
3. Limits apply to the turbine at ambient temperatures greater than 0 degrees Fahrenheit.  

 

 

Emissions testing on the Taurus 60 demonstrated compliance with all applicable permit 

limits. The turbine was operated at an average of 97.1% of the manufacturer’s maximum design 

capacity at ISO conditions, which met the Plan Approval and Subpart KKKK required load 

conditions.  Test summaries are presented in the following tables and complete data sets are 

located in the appendices. 
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Table 2-2 
NOx, CO and VOC Emissions Summary  

February 15, 2023 

Parameter Run 1 Run 2 Run 3 Average 
Permit 
Limit 

Fuel Flow (mscfh) 65.7 65.7 65.7 65.7 N/A 

Heat Input Rate (mmBtu/hr)(1) 67.0 67.0 67.0 67.0 N/A 

Heat Input Capacity (mmBtu/hr) 67.14 67.14 67.14 67.14 N/A 

Turbine Load (%) 99.9 99.9 99.9 99.9 75 

O2 (%) 15.23 15.26 15.24 15.24 N/A 

NOx (ppm) 6.03 6.14 6.29 6.15 N/A 

NOx (ppm @15% O2) 6.29 6.29 6.45 6.34 9(2) 

CO (ppm) 0.40 0.34 0.29 0.34 N/A 

CO (ppm @15% O2) 0.42 0.35 0.30 0.35 1.25 

VOC (ppm) 0.30 0.22 0.32 0.28 N/A 

VOC (ppm @15% O2) 0.31 0.23 0.33 0.29 2.4 

1. The EPA AP-42 approximate natural gas HHV of 1020 Btu/scf was used to calculate heat input. 
2. The subpart KKKK limit is 25 ppm @15%O2. 

 
 

Table 2-3 
Particulate Matter Emissions Summary 

 February 15 and 16, 2023 

Parameter Run 1 Run 2 Run 3 Average 
Permit 
Limit 

Fuel Flow (mscfh) 65.7 63.1 62.9 63.9 N/A 

Heat Input Rate (mmBtu/hr)(1) 67.0 64.3 64.2 65.2 N/A 

Heat Input Capacity (mmBtu/hr) 67.14 67.14 67.14 67.14 N/A 

Turbine Load (%) 99.9 95.8 95.6 97.1 75 

PMPM2.5 - Filterable and 
Condensable (lb/mmBtu) 

0.0002 0.0004 0.00003 0.0002 0.0066 

1. The EPA AP-42 approximate natural gas HHV of 1020 Btu/scf was used to calculate heat input. 
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3 PROCESS DESCRIPTION 

The Weymouth Compressor Station is located at 54 Bridge Street in North Weymouth, 

MA and is one of several compressor stations operated along AGT’s interstate natural gas 

pipeline system. 

The  Solar Taurus 60-7802 is a natural gas fired simple cycle compressor turbine with a 

maximum rated capacity of 73.30 MMBtu/hr on a high heating value basis and a maximum fuel 

firing rate of 71,863 scf/hr at ambient temperatures above 0℉.  Testing occurred while the 

turbine was operating within plus or minus 25% of the manufacturer’s maximum design capacity 

at ISO conditions (67.14 MMBtu/hr) to satisfy the requirements of the Plan Approval and 

Subpart KKKK.  Solar’s proprietary “So-Lo-NOx” staged combustion system is utilized for the 

control of NOx emissions and the turbine is equipped with an oxidation catalyst for the control of 

CO and VOC.   

Operating parameters were recorded by the facility at minimum of 15-minute intervals 

during the turbine emissions testing.  The following parameters were recorded. 

Compressor Data: 

 Station gas flow rate (MMSCFD) 

 Compressor suction and discharge pressures (PSIG) 

 Compressor suction and discharge temperatures (℉) 

Turbine Engine Data: 

 Fuel flow rate (MSCFH) 

 Heat Input (MMBtu/hr, calculated) 

 Gas producer speed (NGP %) 

 Power turbine speed (NPT %) 

 Power turbine inlet and outlet air temperatures (℉) 

 Power turbine discharge pressure (PCD PSIG) 

 Oxidation catalyst inlet temperature (℉) 

 Oxidation catalyst pressure drop (inches H2O) 
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4 SAMPLING & ANALYTICAL PROCEDURES 

Table 4-1 lists the reference methods which were followed to conduct emissions testing. 

Appendix F contains detailed descriptions of the methods used during this test program.  Table 

4-2 contains information about the instrumental reference method analyzers. 

 
Table 4-1 

Reference Methods 

Method Description 

EPA 1 Sample and Velocity Traverses for Stationary Sources 

EPA 2 
Determination of Stack Gas Velocity and Volumetric Flow Rate 
(Type S Pitot Tube) 

EPA 3a 
Determination of Oxygen and Carbon Dioxide Concentrations In Emissions 
from Stationary Sources (Instrumental Analyzer Procedure) 

EPA 4 Determination of Moisture Content in Stack Gases 

EPA 5 Determination of Particulate Matter from Stationary Sources 

EPA 7e 
Determination of Nitrogen Oxide Emissions from Stationary Sources 
(Instrumental Analyzer Procedure) 

EPA 10 
Determination of Carbon Monoxide Emissions from Stationary Sources 
(Instrumental Analyzer Procedure) 

EPA 25a 
Determination of Total Gaseous Organic Concentration Using a Flame 
Ionization Analyzer 

EPA 202 
Method for Determining Condensable Particulate Emissions from Stationary 
Sources 

 

Table 4-2 
Instrumental Reference Method Analyzers 

Constituent Analyzer Detector Span 

O2 TAPI T200H Paramagnetic 22 % 

CO2 TAPI T300M Non-Dispersive Infrared 18 % 

NOx TAPI 200H Chemiluminescent 12 ppm 

CO TAPI T300M Non-Dispersive Infrared 12 ppm 

VOC Vig 20 Flame Ionization 10 ppm 
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4.1 Sampling Locations 

Turbine sampling was conducted using five ports on the 96 x 96-inch horizontal exhaust 

duct prior to the vertical stack.  A 3-point stratification test was conducted in accordance with 

Method 7E at 16.7%, 50.0% and 83.3% of the measurement line.  Measurements demonstrated 

that the turbine is not stratified.  A 25-point traverse was used for the particulate testing and the 

points are presented in Figure 4-1.  

 

Figure 4-1 
Turbine Traverse Points 

 
 

4.2 Non-Methane VOC Measurement Discussion 

Methane concentrations were not subtracted from total hydrocarbons using Method 18 to 

determine non-methane VOC since total hydrocarbon concentrations were well below the permit 

limit. 
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5 QUALITY ASSURANCE 

CM’s quality assurance program is designed so that work is performed by competent, 

experienced individuals using properly calibrated equipment, approved procedures for sample 

collection, recovery, and analysis and proper documentation.  This ensures the integrity of data 

collected, processed, and reported on each project.  

All final project deliverables were reviewed by an independent peer reviewer. Additional 

project specific quality assurance requirements are based on client contracts, local, state, or 

regional environmental regulations, and quality requirements and guidelines included in 

published sampling and analytical methods. Specific quality assurance procedures and 

acceptance criteria for the test methods used can be found in Appendix F.



 

 

Appendix A 

Emissions Data  



Item Description Run 1 Run 2 Run 3 Average Compliance
Date Test Date 2/15/2023 2/15/2023 2/16/2023
Start Run Start Time 7:45 12:45 7:15
Finish Run Finish Time 12:15 17:05 11:35
θ Net Run Time, minutes 250.0 250.0 250.0 250.0
Ntp Net Traversing Points 25 25 25 25
DN Nozzle Diameter, inches 0.435 0.435 0.435 0.435
Cp Pitot Tube Coeficient 0.840 0.840 0.840 0.840
Y Dry Gas Meter Calibration Factor 0.983 0.983 0.983 0.983
ΔH@ Dry Gas Meter Orifice Constant 2.048 2.048 2.048 2.048
PBr Barometric Pressure, inches of Mercury 29.61 30.05 29.96 29.87
ΔH Average orifice meter Differential, inches H2 O 2.30 2.18 2.51 2.33
Vm Dry Gas Meter Volume Sampled, cubic feet 203.543 201.901 216.417 207.287
tm Average Dry Gas Meter Temperature, °F 54.0 63.0 67.5 61.5
Vmstd Dry Gas Meter Volume Sampled, dscf 204.559 202.308 214.545 207.137
Vlc Total Moisture Liquid collected, ml 292 292 289 291
Vwstd Volume of Water Vapor, standard cubic feet 13.74 13.74 13.60 13.69
% H2Osat Moisture Saturation at Stack Gas Temperature, % 100.0 100.0 100.0 100.0
% H2Ocalc Calculated Moisture Content of Stack Gas, % 6.3 6.4 6.0 6.2
Mfd Dry Mole Fraction 0.937 0.936 0.940 0.938
%CO2 Carbon Dioxide, % 3.20 3.15 3.20 3.18
%O2 Oxygen, % 15.24 15.14 15.15 15.18
% CO + N2 Carbon Monoxide & Nitrogen, % 81.6 81.7 81.7 81.6
% EA Percent Excess Air, % 241.5 234.7 235.9 237.4
Md Dry Molecular Weight, lb/lb-Mole 29.12 29.11 29.12 29.12
Ms Wet Molecular Weight, lb/lb-Mole 28.42 28.40 28.46 28.43
Pg Flue Gas Static Pressure, inches of H 2 O 1.60 1.60 1.60 1.60
Ps Absolute Flue Gas Pressure, inches of Mercury 29.73 30.17 30.08 29.99
Ts Average Stack Gas Temperature, °F 942.4 937.2 956.3 945.3
Avg √ΔP Average Square Root Velocity Head,  inches of H2 O 0.401 0.388 0.417 0.402
As Stack Crossectional Area, square feet 64.0 64.0 64.0 64.0
%I Percent Isokinetic of Sampling Rate, % 101.6 102.9 102.1 102.2 90% - 110%

FLOW
vs Average Stack Gas Velocity, fps 37.1 35.6 38.5 37.1
Qaw Actual Wet Volumetric Flue Gas Flow Rate, acfm 142,502 136,733 147,934 142,390
Qsw Standard Wet Volumetric Flue Gas Flow Rate, scfm 53,307 52,097 55,441 53,615
Qsw (scfh) Standard Wet Volumetric Flue Gas Flow Rate, scfh 3,198,411 3,125,835 3,326,488 3,216,911
Qsd Standard Dry Volumetric Flow Rate, dscfm 49,951 48,784 52,136 50,290
Qsd (dscfh) Standard Dry Volumetric Flow Rate, dscfh 2,997,078 2,927,021 3,128,187 3,017,429

FUEL
Fuel Fuel Type Natural Gas Natural Gas Natural Gas
Fd F-Factor, dscf/mmBtu @ %O 2 8710 8710 8710 8710

LOAD DATA
F mcf Fuel Flow, mcf 65.7 63.1 62.9 63.9
R mmBtu Heat Input Rate, mmBtu/hr 67.0 64.3 64.2 65.2
C mmBtu Heat Input Capacity, mmBtu/hr 67.1 67.1 67.1 67.1
L % Load, % 99.9 95.8 95.6 97.1 75

PARTICULATE
M TSP TSP filter weight gain, mg 0.3 0.3 0.3 0.3
ma TSP Mass of TSP recovery acetone after evaporation, mg 0.5 0.5 0.5 0.5
Vaw TSP Volume of acetone used for TSP sample recovery, ml 45 38 50 44.3
Wa Mass of acetone blank residue, mg 0.8 0.8 0.8 0.8
Va Volume of acetone blank, ml 56 56 56 56.0
W TSP Blank Corrected filterable TSP catch weight, mg 0.2 0.3 0.1 0.2
E TSP (lb/hr) Filterable TSP Emission Rate, pounds/hr 0.005 0.008 0.003 0.005
E TSP (lb/mmBtu) Filterable TSP Emission Rate, pounds/mmBtu 0.0001 0.0001 0.00003 0.0001 0.0066
mo Mass of organic CPM, mg 1.2 1.3 1.0 1.2
mi Mass of inorganic CPM, mg 1.2 1.5 1.0 1.2
mob Mass of organic CPM in field train revovery blank, mg 1.0 1.0 1.0 1.0
mib Mass of inorganic CPM in field train revovery blank, mg 1.0 1.0 1.0 1.0
mfb Mass of total CPM in field train recovery blank, mg 2.0 2.0 2.0 2.0
mcpm Mass of blank corrected total CPM, mg 0.4 0.8 0.0 0.4
ECPM (lb/hr) CPM Emission Rate, pounds/hr 0.013 0.025 0.000 0.013
ECPM (lb/mmBtu) CPM Emission Rate, pounds/mmBtu 0.0001 0.0003 0.0000 0.0001
Wt TSP Total TSP Catch Weight, mg 0.6 1.1 0.1 0.6
Et TSP (lb/hr) Total TSP Emission Rate, pounds/hr 0.018 0.034 0.003 0.018
Et TSP (lb/mmBtu) Total TSP Emission Rate, pounds/mmBtu 0.0002 0.0004 0.00003 0.00020 0.0066

Canomara
Source Testing Services

Emissions
Summary Table

Enbridge - Weymouth
Taurus 60 (Stack)
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Item Description Run 1 Run 2 Run 3 Average Compliance

Canomara
Source Testing Services

Emissions
Summary Table

Enbridge - Weymouth
Taurus 60 (Stack)

INSTRUMENTAL REFERENCE METHODS
Date Test Date 2/15/2023 2/15/2023 2/15/2023
Time Run Time 7:50-8:50 9:00-10:00 10:10-11:10
O2 % Oxygen, % 15.23 15.26 15.24 15.24
CO2 % Carbon Dioxide, % 3.16 3.19 3.19 3.18
NOx ppm Oxides of Nitrogen Concentration, ppmd 6.03 6.14 6.29 6.15
NOx ppm@15%O2 Oxides of Nitrogen Concentration, ppmd@15%O2 6.29 6.29 6.45 6.34 9
CO ppm Carbon Monoxide Concentration, ppmd 0.40 0.34 0.29 0.34
CO ppmd@15%O2 Carbon Monoxide Concentration, ppm-dry@15%O2 0.42 0.35 0.30 0.35 1.25
THC ppmw Total Hydrocarbon Concentration as Methane, ppm-wet 0.28 0.21 0.30 0.26
VOC ppmd as C1 VOC as Methane, ppm-dry 0.30 0.22 0.32 0.28
VOC ppmd as C1@15%O2 VOC as Methane, ppm-dry@15%O2 0.31 0.23 0.33 0.29 2.4

Weymouth Turbine Emissions Testing
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REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth - Weymouth, MA
Unit 1 - Run 1

 Start - 15Feb2023 - 07:50:10
Stop - 15Feb2023 - 08:50:10

Cylinder Gas O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

Zero ID
Zero Expiration
Low ID XC011774B
Low Expiration 1/24/2025
Low Concentration 2.99
Mid ID CC338233 CC338233 EB0106462 EB0106462 CC29207
Mid Expiration 5/18/2030 5/18/2030 11/28/2025 11/28/2025 11/23/2029
Mid Concentration 9.98 10.02 5.94 6.06 5.04
High ID CC428437 CC428437 CC427947 CC427947 ALM040608
High Expiration 3/5/2027 3/5/2027 7/7/2024 7/7/2024 3/29/2029
High Concentration 22.13 18.34 12 12.1 8.55

Calibration Error O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 07:21:57 Stack Stack Stack Stack Stack
Zero Response 0.05 0.06 0.09 0.08 0.07
Zero Error (%) 0.23 0.35 0.79 0.7 0.81
Low Response 0 0 0 0 2.95
Low Error (%) 0 0 0 0 -1.3
Mid Response 10.05 10.07 5.99 6.02 5.01
Mid Error (%) 0.35 0.3 0.41 -0.3 -0.62
High Response 22.12 18.23 12.01 12.05 8.48
High Error (%) -0.04 -0.59 0.1 -0.41 -0.87

Initial Bias O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 07:28:40 Stack Stack Stack Stack Stack
Zero Response 0.05 0.04 0.09 0.14 0.07
Zero Bias (%) 0.01 -0.13 -0.01 0.5 0
Span Concentration 9.98 10.02 5.94 6.06 5.04
Span Response 10.01 10.18 6.02 5.99 5.01
Span Bias (%) -0.2 0.59 0.26 -0.26 0

Final Bias & Drift O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 08:55:40 Stack Stack Stack Stack Stack
Zero Response 0.09 0.03 0.2 0.14 0.1
Zero Bias (%) 0.17 -0.18 0.87 0.45 0.38
Zero Drift (%) 0.16 -0.05 0.88 -0.05 0.38
Span Concentration 9.98 10.02 5.94 6.06 5.04
Span Response 9.92 10.1 6.06 6.04 5.07
Span Bias (%) -0.6 0.16 0.6 0.11 0.73
Span Drift (%) -0.4 -0.43 0.34 0.37 0.73

Results O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

Corrected Averages 15.23 3.16 6.03 0.4 0.28

 Operated by: Bali

Weymouth Turbine Emissions Testing
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth - Weymouth, MA
Unit 1 - Run 1

 Start - 15Feb2023 - 07:50:10
Stop - 15Feb2023 - 08:50:10

Log Averages O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

15Feb2023 - 07:51:10 15.18 3.23 5.99 0.53 0.29
15Feb2023 - 07:52:10 15.18 3.2 5.99 0.55 1.46
15Feb2023 - 07:53:10 15.18 3.21 6.05 0.58 1.6
15Feb2023 - 07:54:10 15.18 3.23 6.19 0.56 0.97
15Feb2023 - 07:55:10 15.18 3.2 6.24 0.64 0.66
15Feb2023 - 07:56:10 15.18 3.24 6.16 0.78 0.55
15Feb2023 - 07:57:10 15.18 3.23 6.09 0.76 0.51
15Feb2023 - 07:58:10 15.18 3.21 6.12 0.7 0.4
15Feb2023 - 07:59:10 15.18 3.22 6.12 0.61 0.24
15Feb2023 - 08:00:10 15.18 3.24 6.11 0.53 0.15
15Feb2023 - 08:01:10 15.19 3.23 6.1 0.55 0.13
15Feb2023 - 08:02:10 15.19 3.22 6.09 0.52 0.09
15Feb2023 - 08:03:10 15.18 3.21 6.15 0.51 0.2
15Feb2023 - 08:04:10 15.19 3.24 6.15 0.44 0.14
15Feb2023 - 08:05:10 15.18 3.21 6.12 0.42 0.16
15Feb2023 - 08:06:10 15.19 3.22 6.16 0.52 0.19
15Feb2023 - 08:07:10 15.18 3.21 6.13 0.6 0.22
15Feb2023 - 08:08:10 15.18 3.22 6.13 0.58 0.27
15Feb2023 - 08:09:10 15.18 3.24 6.16 0.57 0.22
15Feb2023 - 08:10:10 15.19 3.21 6.18 0.55 0.25
15Feb2023 - 08:11:10 15.19 3.23 6.17 0.53 0.27
15Feb2023 - 08:12:10 15.19 3.21 6.2 0.49 0.24
15Feb2023 - 08:13:10 15.18 3.23 6.17 0.47 0.16
15Feb2023 - 08:14:10 15.19 3.22 6.15 0.49 0.14
15Feb2023 - 08:15:10 15.19 3.23 6.18 0.51 0.09
15Feb2023 - 08:16:10 15.19 3.23 6.17 0.47 0.17
15Feb2023 - 08:17:10 15.19 3.22 6.12 0.51 0.22
15Feb2023 - 08:18:10 15.19 3.22 6.08 0.56 0.19
15Feb2023 - 08:19:10 15.19 3.22 6.15 0.55 0.17
15Feb2023 - 08:20:10 15.18 3.22 6.16 0.52 0.31
15Feb2023 - 08:21:10 15.18 3.23 6.09 0.56 0.32
15Feb2023 - 08:22:10 15.18 3.21 6.06 0.54 0.34
15Feb2023 - 08:23:10 15.18 3.2 6.07 0.51 0.31
15Feb2023 - 08:24:10 15.18 3.22 6.09 0.53 0.29
15Feb2023 - 08:25:10 15.18 3.21 6.07 0.57 0.3
15Feb2023 - 08:26:10 15.18 3.2 6.07 0.55 0.32
15Feb2023 - 08:27:10 15.18 3.21 6.1 0.56 0.32
15Feb2023 - 08:28:10 15.17 3.22 6.13 0.51 0.24
15Feb2023 - 08:29:10 15.17 3.23 6.1 0.57 0.22
15Feb2023 - 08:30:10 15.17 3.23 6.04 0.52 0.25
15Feb2023 - 08:31:10 15.17 3.22 6.03 0.46 0.22
15Feb2023 - 08:32:10 15.17 3.22 6.08 0.53 0.15
15Feb2023 - 08:33:10 15.17 3.21 6.1 0.48 0.12
15Feb2023 - 08:34:10 15.18 3.24 6.15 0.5 0.15
15Feb2023 - 08:35:10 15.17 3.24 6.15 0.49 0.21
15Feb2023 - 08:36:10 15.17 3.23 6.13 0.56 0.21
15Feb2023 - 08:37:10 15.17 3.23 6.12 0.49 0.19
15Feb2023 - 08:38:10 15.17 3.23 6.14 0.45 0.18
15Feb2023 - 08:39:10 15.18 3.22 6.2 0.47 0.18
15Feb2023 - 08:40:10 15.17 3.24 6.19 0.46 0.17
15Feb2023 - 08:41:10 15.17 3.24 6.13 0.46 0.15
15Feb2023 - 08:42:10 15.17 3.23 6.09 0.43 0.15
15Feb2023 - 08:43:10 15.17 3.23 6.11 0.59 0.1
15Feb2023 - 08:44:10 15.17 3.22 6.12 0.47 0.17
15Feb2023 - 08:45:10 15.17 3.22 6.15 0.44 0.25
15Feb2023 - 08:46:10 15.17 3.22 6.19 0.45 0.18
15Feb2023 - 08:47:10 15.17 3.24 6.2 0.44 0.18
15Feb2023 - 08:48:10 15.17 3.24 6.19 0.39 0.23
15Feb2023 - 08:49:10 15.17 3.22 6.19 0.42 0.16
15Feb2023 - 08:50:10 15.17 3.24 6.26 0.42 0.15
Average 15.18 3.22 6.13 0.52 0.28

 Operated by: Bali
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REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth - Weymouth, MA
Unit 1 - Run 2

 Start - 15Feb2023 - 09:00:05
Stop - 15Feb2023 - 10:00:05

Cylinder Gas O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

Zero ID
Zero Expiration
Low ID XC011774B
Low Expiration 1/24/2025
Low Concentration 2.99
Mid ID CC338233 CC338233 EB0106462 EB0106462 CC29207
Mid Expiration 5/18/2030 5/18/2030 11/28/2025 11/28/2025 11/23/2029
Mid Concentration 9.98 10.02 5.94 6.06 5.04
High ID CC428437 CC428437 CC427947 CC427947 ALM040608
High Expiration 3/5/2027 3/5/2027 7/7/2024 7/7/2024 3/29/2029
High Concentration 22.13 18.34 12 12.1 8.55

Calibration Error O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 07:21:57 Stack Stack Stack Stack Stack
Zero Response 0.05 0.06 0.09 0.08 0.07
Zero Error (%) 0.23 0.35 0.79 0.7 0.81
Low Response 0 0 0 0 2.95
Low Error (%) 0 0 0 0 -1.3
Mid Response 10.05 10.07 5.99 6.02 5.01
Mid Error (%) 0.35 0.3 0.41 -0.3 -0.62
High Response 22.12 18.23 12.01 12.05 8.48
High Error (%) -0.04 -0.59 0.1 -0.41 -0.87

Initial Bias O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 08:55:40 Stack Stack Stack Stack Stack
Zero Response 0.09 0.03 0.2 0.14 0.1
Zero Bias (%) 0.17 -0.18 0.87 0.45 0.38
Span Concentration 9.98 10.02 5.94 6.06 5.04
Span Response 9.92 10.1 6.06 6.04 5.07
Span Bias (%) -0.6 0.16 0.6 0.11 0.73

Final Bias & Drift O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 10:07:51 Stack Stack Stack Stack Stack
Zero Response 0.05 0.04 0.15 0.11 0.12
Zero Bias (%) -0.01 -0.11 0.46 0.21 0.61
Zero Drift (%) -0.18 0.07 -0.41 -0.24 0.23
Span Concentration 9.98 10.02 5.94 6.06 5.04
Span Response 9.95 10.06 6.08 6.04 5.09
Span Bias (%) -0.46 -0.09 0.76 0.18 0.97
Span Drift (%) 0.14 -0.25 0.16 0.07 0.24

Results O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

Corrected Averages 15.26 3.19 6.14 0.34 0.21

 Operated by: Bali
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth - Weymouth, MA
Unit 1 - Run 2

 Start - 15Feb2023 - 09:00:05
Stop - 15Feb2023 - 10:00:05

Log Averages O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

15Feb2023 - 09:01:05 15.16 3.22 6.12 0.54 0.21
15Feb2023 - 09:02:05 15.17 3.21 6.14 0.55 0.19
15Feb2023 - 09:03:05 15.17 3.24 6.15 0.58 0.22
15Feb2023 - 09:04:05 15.17 3.23 6.15 0.5 0.21
15Feb2023 - 09:05:05 15.16 3.23 6.18 0.51 0.22
15Feb2023 - 09:06:05 15.17 3.23 6.19 0.53 0.2
15Feb2023 - 09:07:05 15.17 3.26 6.17 0.56 0.23
15Feb2023 - 09:08:05 15.17 3.25 6.18 0.56 0.23
15Feb2023 - 09:09:05 15.17 3.24 6.2 0.48 0.2
15Feb2023 - 09:10:05 15.16 3.23 6.2 0.47 0.14
15Feb2023 - 09:11:05 15.16 3.24 6.18 0.48 0.17
15Feb2023 - 09:12:05 15.16 3.23 6.2 0.53 0.18
15Feb2023 - 09:13:05 15.16 3.23 6.22 0.5 0.13
15Feb2023 - 09:14:05 15.16 3.24 6.21 0.46 0.14
15Feb2023 - 09:15:05 15.16 3.23 6.22 0.47 0.14
15Feb2023 - 09:16:05 15.16 3.21 6.26 0.46 0.12
15Feb2023 - 09:17:05 15.16 3.23 6.25 0.5 0.14
15Feb2023 - 09:18:05 15.15 3.24 6.29 0.54 0.12
15Feb2023 - 09:19:05 15.16 3.25 6.28 0.49 0.06
15Feb2023 - 09:20:05 15.16 3.23 6.27 0.49 0.1
15Feb2023 - 09:21:05 15.16 3.24 6.31 0.47 0.12
15Feb2023 - 09:22:05 15.16 3.23 6.31 0.51 0.15
15Feb2023 - 09:23:05 15.16 3.24 6.29 0.51 0.19
15Feb2023 - 09:24:05 15.15 3.22 6.29 0.49 0.18
15Feb2023 - 09:25:05 15.16 3.23 6.31 0.49 0.19
15Feb2023 - 09:26:05 15.16 3.23 6.31 0.49 0.18
15Feb2023 - 09:27:05 15.16 3.22 6.23 0.47 0.18
15Feb2023 - 09:28:05 15.16 3.25 6.26 0.48 0.17
15Feb2023 - 09:29:05 15.16 3.22 6.28 0.41 0.13
15Feb2023 - 09:30:05 15.16 3.25 6.28 0.48 0.18
15Feb2023 - 09:31:05 15.16 3.23 6.27 0.43 0.17
15Feb2023 - 09:32:05 15.16 3.24 6.27 0.42 0.12
15Feb2023 - 09:33:05 15.16 3.24 6.25 0.45 0.16
15Feb2023 - 09:34:05 15.16 3.22 6.26 0.46 0.15
15Feb2023 - 09:35:05 15.15 3.24 6.28 0.43 0.12
15Feb2023 - 09:36:05 15.15 3.24 6.26 0.45 0.11
15Feb2023 - 09:37:05 15.15 3.24 6.29 0.35 0.11
15Feb2023 - 09:38:05 15.15 3.25 6.33 0.43 0.24
15Feb2023 - 09:39:05 15.16 3.24 6.32 0.44 0.32
15Feb2023 - 09:40:05 15.15 3.24 6.27 0.43 0.35
15Feb2023 - 09:41:05 15.15 3.25 6.25 0.46 0.34
15Feb2023 - 09:42:05 15.15 3.22 6.3 0.43 0.35
15Feb2023 - 09:43:05 15.15 3.23 6.33 0.46 0.37
15Feb2023 - 09:44:05 15.15 3.24 6.26 0.41 0.31
15Feb2023 - 09:45:05 15.14 3.25 6.28 0.4 0.26
15Feb2023 - 09:46:05 15.15 3.24 6.3 0.41 0.18
15Feb2023 - 09:47:05 15.15 3.26 6.28 0.43 0.24
15Feb2023 - 09:48:05 15.15 3.25 6.31 0.4 0.26
15Feb2023 - 09:49:05 15.16 3.23 6.31 0.38 0.19
15Feb2023 - 09:50:05 15.16 3.24 6.29 0.39 0.21
15Feb2023 - 09:51:05 15.16 3.23 6.33 0.41 0.28
15Feb2023 - 09:52:05 15.16 3.23 6.33 0.42 0.31
15Feb2023 - 09:53:05 15.16 3.24 6.35 0.38 0.27
15Feb2023 - 09:54:05 15.15 3.24 6.36 0.4 0.29
15Feb2023 - 09:55:05 15.16 3.25 6.35 0.44 0.29
15Feb2023 - 09:56:05 15.15 3.25 6.35 0.47 0.26
15Feb2023 - 09:57:05 15.16 3.24 6.37 0.39 0.23
15Feb2023 - 09:58:05 15.15 3.25 6.41 0.42 0.26
15Feb2023 - 09:59:05 15.15 3.25 6.4 0.44 0.28
15Feb2023 - 10:00:05 15.15 3.24 6.38 0.4 0.27
Average 15.16 3.24 6.27 0.46 0.21
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REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth - Weymouth, MA
Unit 1 - Run 3

 Start - 15Feb2023 - 10:10:22
Stop - 15Feb2023 - 11:10:22

Cylinder Gas O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

Zero ID
Zero Expiration
Low ID XC011774B
Low Expiration 1/24/2025
Low Concentration 2.99
Mid ID CC338233 CC338233 EB0106462 EB0106462 CC29207
Mid Expiration 5/18/2030 5/18/2030 11/28/2025 11/28/2025 11/23/2029
Mid Concentration 9.98 10.02 5.94 6.06 5.04
High ID CC428437 CC428437 CC427947 CC427947 ALM040608
High Expiration 3/5/2027 3/5/2027 7/7/2024 7/7/2024 3/29/2029
High Concentration 22.13 18.34 12 12.1 8.55

Calibration Error O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 07:21:57 Stack Stack Stack Stack Stack
Zero Response 0.05 0.06 0.09 0.08 0.07
Zero Error (%) 0.23 0.35 0.79 0.7 0.81
Low Response 0 0 0 0 2.95
Low Error (%) 0 0 0 0 -1.3
Mid Response 10.05 10.07 5.99 6.02 5.01
Mid Error (%) 0.35 0.3 0.41 -0.3 -0.62
High Response 22.12 18.23 12.01 12.05 8.48
High Error (%) -0.04 -0.59 0.1 -0.41 -0.87

Initial Bias O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 10:07:51 Stack Stack Stack Stack Stack
Zero Response 0.05 0.04 0.15 0.11 0.12
Zero Bias (%) -0.01 -0.11 0.46 0.21 0.61
Span Concentration 9.98 10.02 5.94 6.06 5.04
Span Response 9.95 10.06 6.08 6.04 5.09
Span Bias (%) -0.46 -0.09 0.76 0.18 0.97

Final Bias & Drift O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
15Feb2023 - 11:17:08 Stack Stack Stack Stack Stack
Zero Response 0.03 0.06 0.05 0.16 0.14
Zero Bias (%) -0.1 -0.02 -0.38 0.65 0.81
Zero Drift (%) -0.09 0.09 -0.84 0.44 0.2
Span Concentration 9.98 10.02 5.94 6.06 5.04
Span Response 9.9 10.12 6.05 6.06 5.11
Span Bias (%) -0.71 0.24 0.47 0.32 1.17
Span Drift (%) -0.25 0.33 -0.29 0.14 0.2

Results O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

Corrected Averages 15.24 3.19 6.29 0.29 0.3

 Operated by: Bali
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth - Weymouth, MA
Unit 1 - Run 3

 Start - 15Feb2023 - 10:10:22
Stop - 15Feb2023 - 11:10:22

Log Averages O2 (%) CO2 (%) NOx (ppm) CO (ppm) THC (ppm)
Stack Stack Stack Stack Stack

15Feb2023 - 10:11:22 15.14 3.25 6.34 0.34 0.34
15Feb2023 - 10:12:22 15.14 3.25 6.37 0.46 0.32
15Feb2023 - 10:13:22 15.14 3.23 6.39 0.37 0.28
15Feb2023 - 10:14:22 15.14 3.23 6.4 0.42 0.23
15Feb2023 - 10:15:22 15.14 3.22 6.42 0.46 0.24
15Feb2023 - 10:16:22 15.13 3.22 6.46 0.45 0.26
15Feb2023 - 10:17:22 15.13 3.26 6.48 0.4 0.29
15Feb2023 - 10:18:22 15.13 3.25 6.53 0.42 0.3
15Feb2023 - 10:19:22 15.14 3.24 6.55 0.41 0.26
15Feb2023 - 10:20:22 15.14 3.24 6.55 0.4 0.27
15Feb2023 - 10:21:22 15.13 3.22 6.52 0.46 0.29
15Feb2023 - 10:22:22 15.13 3.26 6.49 0.39 0.29
15Feb2023 - 10:23:22 15.13 3.26 6.47 0.43 0.32
15Feb2023 - 10:24:22 15.13 3.25 6.48 0.41 0.37
15Feb2023 - 10:25:22 15.13 3.24 6.47 0.38 0.36
15Feb2023 - 10:26:22 15.13 3.26 6.47 0.44 0.38
15Feb2023 - 10:27:22 15.13 3.23 6.51 0.46 0.37
15Feb2023 - 10:28:22 15.13 3.24 6.49 0.42 0.34
15Feb2023 - 10:29:22 15.13 3.25 6.45 0.43 0.35
15Feb2023 - 10:30:22 15.13 3.24 6.45 0.4 0.34
15Feb2023 - 10:31:22 15.13 3.24 6.44 0.5 0.34
15Feb2023 - 10:32:22 15.13 3.25 6.48 0.43 0.29
15Feb2023 - 10:33:22 15.13 3.24 6.52 0.37 0.29
15Feb2023 - 10:34:22 15.13 3.25 6.53 0.41 0.28
15Feb2023 - 10:35:22 15.13 3.26 6.55 0.45 0.27
15Feb2023 - 10:36:22 15.14 3.24 6.55 0.41 0.29
15Feb2023 - 10:37:22 15.13 3.25 6.51 0.37 0.32
15Feb2023 - 10:38:22 15.14 3.25 6.5 0.29 0.31
15Feb2023 - 10:39:22 15.14 3.26 6.48 0.41 0.31
15Feb2023 - 10:40:22 15.13 3.25 6.45 0.38 0.3
15Feb2023 - 10:41:22 15.14 3.25 6.5 0.37 0.33
15Feb2023 - 10:42:22 15.14 3.25 6.54 0.39 0.39
15Feb2023 - 10:43:22 15.13 3.26 6.55 0.44 0.37
15Feb2023 - 10:44:22 15.13 3.24 6.52 0.39 0.33
15Feb2023 - 10:45:22 15.14 3.23 6.52 0.41 0.31
15Feb2023 - 10:46:22 15.14 3.25 6.53 0.48 0.33
15Feb2023 - 10:47:22 15.14 3.25 6.46 0.45 0.31
15Feb2023 - 10:48:22 15.13 3.25 6.34 0.45 0.3
15Feb2023 - 10:49:22 15.14 3.27 6.27 0.41 0.23
15Feb2023 - 10:50:22 15.14 3.26 6.27 0.4 0.26
15Feb2023 - 10:51:22 15.14 3.24 6.28 0.43 0.24
15Feb2023 - 10:52:22 15.13 3.23 6.28 0.41 0.22
15Feb2023 - 10:53:22 15.14 3.22 6.26 0.36 0.24
15Feb2023 - 10:54:22 15.14 3.25 6.3 0.34 0.27
15Feb2023 - 10:55:22 15.15 3.24 6.29 0.43 0.27
15Feb2023 - 10:56:22 15.14 3.23 6.32 0.4 0.29
15Feb2023 - 10:57:22 15.14 3.25 6.32 0.42 0.34
15Feb2023 - 10:58:22 15.14 3.24 6.34 0.44 0.32
15Feb2023 - 10:59:22 15.14 3.22 6.33 0.41 0.28
15Feb2023 - 11:00:22 15.14 3.22 6.35 0.37 0.29
15Feb2023 - 11:01:22 15.14 3.23 6.31 0.43 0.27
15Feb2023 - 11:02:22 15.14 3.26 6.26 0.4 0.31
15Feb2023 - 11:03:22 15.15 3.25 6.28 0.47 0.33
15Feb2023 - 11:04:22 15.13 3.26 6.27 0.36 0.34
15Feb2023 - 11:05:22 15.15 3.21 6.28 0.39 0.3
15Feb2023 - 11:06:22 15.15 3.24 6.3 0.4 0.31
15Feb2023 - 11:07:22 15.14 3.23 6.32 0.4 0.27
15Feb2023 - 11:08:22 15.14 3.22 6.28 0.36 0.24
15Feb2023 - 11:09:22 15.14 3.24 6.26 0.65 0.26
15Feb2023 - 11:10:22 15.15 3.26 6.26 0.62 0.3
Average 15.14 3.24 6.41 0.42 0.3
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REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-2

 Start - 15Feb2023 - 12:45:12
Stop - 15Feb2023 - 17:05:18

Cylinder Gas O2 (%) CO2 (%)
Stack Stack

Zero ID
Zero Expiration
Low ID
Low Expiration
Low Concentration
Mid ID CC338233 CC338233
Mid Expiration 5/18/2030 5/18/2030
Mid Concentration 9.98 10.02
High ID CC428437 CC428437
High Expiration 3/5/2027 3/5/2027
High Concentration 22.13 18.34

Calibration Error O2 (%) CO2 (%)
15Feb2023 - 11:31:20 Stack Stack
Zero Response 0.05 0.06
Zero Error (%) 0.23 0.35
Low Response 0 0
Low Error (%) 0 0
Mid Response 10.05 10.07
Mid Error (%) 0.35 0.3
High Response 22.12 18.23
High Error (%) -0.04 -0.59

Initial Bias O2 (%) CO2 (%)
15Feb2023 - 12:22:21 Stack Stack
Zero Response 0.05 0.08
Zero Bias (%) 0.01 0.11
Span Concentration 9.98 10.02
Span Response 10.02 10.06
Span Bias (%) -0.15 -0.1

Final Bias & Drift O2 (%) CO2 (%)
15Feb2023 - 17:09:37 Stack Stack
Zero Response 0.06 0.11
Zero Bias (%) 0.06 0.26
Zero Drift (%) 0.05 0.15
Span Concentration 9.98 10.02
Span Response 10.1 10.01
Span Bias (%) 0.2 -0.33
Span Drift (%) 0.35 -0.23

Results O2 (%) CO2 (%)
Stack Stack

Corrected Averages 15.04 3.15

 Operated by: Bali
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-2

 Start - 15Feb2023 - 12:45:12
Stop - 15Feb2023 - 17:05:18

Log Averages O2 (%) CO2 (%)
Stack Stack

15Feb2023 - 12:46:12 15.14 3.23
15Feb2023 - 12:47:12 15.14 3.23
15Feb2023 - 12:48:12 15.14 3.22
15Feb2023 - 12:49:12 15.14 3.2
15Feb2023 - 12:50:12 15.14 3.21
15Feb2023 - 12:51:12 15.14 3.22
15Feb2023 - 12:52:12 15.14 3.23
15Feb2023 - 12:53:12 15.14 3.22
15Feb2023 - 12:54:12 15.13 3.21
15Feb2023 - 12:55:12 15.14 3.21
15Feb2023 - 12:56:12 15.14 3.19
15Feb2023 - 12:57:12 15.14 3.22
15Feb2023 - 12:58:12 15.14 3.22
15Feb2023 - 12:59:12 15.13 3.2
15Feb2023 - 13:00:12 15.13 3.2
15Feb2023 - 13:01:12 15.13 3.21
15Feb2023 - 13:02:12 15.13 3.19
15Feb2023 - 13:03:12 15.13 3.2
15Feb2023 - 13:04:12 15.12 3.19
15Feb2023 - 13:05:12 15.13 3.2
15Feb2023 - 13:06:12 15.13 3.22
15Feb2023 - 13:07:12 15.13 3.22
15Feb2023 - 13:08:12 15.13 3.23
15Feb2023 - 13:09:12 15.13 3.22
15Feb2023 - 13:10:12 15.13 3.2
15Feb2023 - 13:11:12 15.13 3.2
15Feb2023 - 13:12:12 15.13 3.21
15Feb2023 - 13:13:12 15.13 3.19
15Feb2023 - 13:14:12 15.13 3.22
15Feb2023 - 13:15:12 15.13 3.21
15Feb2023 - 13:16:12 15.14 3.21
15Feb2023 - 13:17:12 15.14 3.2
15Feb2023 - 13:18:12 15.14 3.2
15Feb2023 - 13:19:12 15.13 3.21
15Feb2023 - 13:20:12 15.13 3.21
15Feb2023 - 13:21:12 15.14 3.21
15Feb2023 - 13:22:12 15.14 3.19
15Feb2023 - 13:23:12 15.14 3.2
15Feb2023 - 13:24:12 15.14 3.2
15Feb2023 - 13:25:12 15.13 3.2
15Feb2023 - 13:26:12 15.14 3.2
15Feb2023 - 13:27:12 15.14 3.2
15Feb2023 - 13:28:12 15.14 3.21
15Feb2023 - 13:29:12 15.14 3.22
15Feb2023 - 13:30:12 15.15 3.22
15Feb2023 - 13:31:12 15.14 3.21
15Feb2023 - 13:32:12 15.14 3.22
15Feb2023 - 13:33:12 15.13 3.21
15Feb2023 - 13:34:12 15.13 3.21
15Feb2023 - 13:35:12 15.14 3.21
15Feb2023 - 13:36:12 15.14 3.2
15Feb2023 - 13:37:12 15.14 3.19
15Feb2023 - 13:38:12 15.13 3.21
15Feb2023 - 13:39:12 15.13 3.2
15Feb2023 - 13:40:12 15.13 3.21
15Feb2023 - 13:41:12 15.14 3.2
15Feb2023 - 13:42:12 15.14 3.2
15Feb2023 - 13:43:12 15.14 3.2
15Feb2023 - 13:44:12 15.13 3.21
15Feb2023 - 13:45:12 15.14 3.2
15Feb2023 - 13:46:12 15.14 3.2
15Feb2023 - 13:47:12 15.14 3.22
15Feb2023 - 13:48:12 15.13 3.21
15Feb2023 - 13:49:12 15.14 3.2
15Feb2023 - 13:50:12 15.14 3.21
15Feb2023 - 13:51:12 15.14 3.2
15Feb2023 - 13:52:12 15.14 3.2
15Feb2023 - 13:53:12 15.13 3.2
15Feb2023 - 13:54:12 15.14 3.21
15Feb2023 - 13:55:12 15.14 3.22
15Feb2023 - 13:56:12 15.14 3.22
15Feb2023 - 13:57:12 15.14 3.21
15Feb2023 - 13:58:12 15.13 3.21
15Feb2023 - 13:59:12 15.14 3.21
15Feb2023 - 14:00:12 15.14 3.2
15Feb2023 - 14:01:12 15.14 3.2
15Feb2023 - 14:02:12 15.14 3.19
15Feb2023 - 14:03:12 15.14 3.21
15Feb2023 - 14:04:12 15.14 3.2
15Feb2023 - 14:05:12 15.14 3.19
15Feb2023 - 14:06:12 15.14 3.2
15Feb2023 - 14:07:12 15.13 3.19
15Feb2023 - 14:08:12 15.13 3.21
15Feb2023 - 14:09:12 15.13 3.19
15Feb2023 - 14:10:12 15.13 3.22
15Feb2023 - 14:11:12 15.12 3.21
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-2

 Start - 15Feb2023 - 12:45:12
Stop - 15Feb2023 - 17:05:18

Log Averages O2 (%) CO2 (%)
Stack Stack

15Feb2023 - 14:12:12 15.14 3.21
15Feb2023 - 14:13:12 15.14 3.2
15Feb2023 - 14:14:12 15.14 3.2
15Feb2023 - 14:15:12 15.13 3.19
15Feb2023 - 14:16:12 15.14 3.19
15Feb2023 - 14:17:12 15.13 3.19
15Feb2023 - 14:18:12 15.13 3.2
15Feb2023 - 14:19:12 15.13 3.19
15Feb2023 - 14:20:12 15.13 3.18
15Feb2023 - 14:21:12 15.13 3.21
15Feb2023 - 14:22:12 15.13 3.2
15Feb2023 - 14:23:12 15.12 3.22
15Feb2023 - 14:24:12 15.13 3.21
15Feb2023 - 14:25:12 15.13 3.22
15Feb2023 - 14:26:12 15.13 3.21
15Feb2023 - 14:27:12 15.13 3.19
15Feb2023 - 14:28:12 15.13 3.22
15Feb2023 - 14:29:12 15.13 3.2
15Feb2023 - 14:30:12 15.13 3.21
15Feb2023 - 14:31:12 15.13 3.18
15Feb2023 - 14:32:12 15.13 3.21
15Feb2023 - 14:33:12 15.13 3.21
15Feb2023 - 14:34:12 15.13 3.22
15Feb2023 - 14:35:12 15.12 3.2
15Feb2023 - 14:36:12 15.13 3.2
15Feb2023 - 14:37:12 15.12 3.2
15Feb2023 - 14:38:12 15.13 3.21
15Feb2023 - 14:39:12 15.13 3.2
15Feb2023 - 14:40:12 15.12 3.22
15Feb2023 - 14:41:12 15.13 3.21
15Feb2023 - 14:42:12 15.13 3.22
15Feb2023 - 14:43:12 15.13 3.24
15Feb2023 - 14:44:12 15.13 3.22
15Feb2023 - 14:45:12 15.13 3.2
15Feb2023 - 14:46:12 15.12 3.22
15Feb2023 - 14:47:12 15.13 3.22
15Feb2023 - 14:48:12 15.13 3.22
15Feb2023 - 14:49:12 15.13 3.22
15Feb2023 - 14:50:12 15.14 3.22
15Feb2023 - 14:51:12 15.13 3.22
15Feb2023 - 14:52:12 15.13 3.2
15Feb2023 - 14:53:12 15.14 3.21
15Feb2023 - 14:54:12 15.13 3.23
15Feb2023 - 14:55:12 15.13 3.22
15Feb2023 - 14:56:12 15.13 3.21
15Feb2023 - 14:57:12 15.14 3.21
15Feb2023 - 14:58:12 15.14 3.2
15Feb2023 - 14:59:12 15.14 3.22
15Feb2023 - 15:00:12 15.13 3.2
15Feb2023 - 15:01:12 15.13 3.21
15Feb2023 - 15:02:12 15.13 3.22
15Feb2023 - 15:03:12 15.13 3.24
15Feb2023 - 15:04:12 15.13 3.23
15Feb2023 - 15:05:12 15.13 3.22
15Feb2023 - 15:06:12 15.13 3.2
15Feb2023 - 15:07:12 15.13 3.22
15Feb2023 - 15:08:12 15.14 3.21
15Feb2023 - 15:09:12 15.13 3.2
15Feb2023 - 15:10:12 15.12 3.21
15Feb2023 - 15:11:12 15.13 3.22
15Feb2023 - 15:12:12 15.13 3.21
15Feb2023 - 15:13:12 15.12 3.19
15Feb2023 - 15:14:12 15.13 3.22
15Feb2023 - 15:15:12 15.13 3.22
15Feb2023 - 15:16:12 15.13 3.22
15Feb2023 - 15:17:12 15.13 3.2
15Feb2023 - 15:18:12 15.12 3.2
15Feb2023 - 15:19:12 15.13 3.22
15Feb2023 - 15:20:12 15.13 3.21
15Feb2023 - 15:21:12 15.12 3.21
15Feb2023 - 15:22:12 15.12 3.22
15Feb2023 - 15:23:12 15.12 3.21
15Feb2023 - 15:24:12 15.12 3.22
15Feb2023 - 15:25:12 15.12 3.23
15Feb2023 - 15:26:12 15.13 3.22
15Feb2023 - 15:27:12 15.13 3.2
15Feb2023 - 15:28:12 15.13 3.21
15Feb2023 - 15:29:12 15.13 3.21
15Feb2023 - 15:30:12 15.12 3.18
15Feb2023 - 15:31:12 15.13 3.23
15Feb2023 - 15:32:12 15.09 3.2
15Feb2023 - 15:33:12 15.05 3.2
15Feb2023 - 15:34:12 15.15 3.23
15Feb2023 - 15:35:12 15.16 3.24
15Feb2023 - 15:36:12 15.16 3.22
15Feb2023 - 15:37:12 15.15 3.22
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-2

 Start - 15Feb2023 - 12:45:12
Stop - 15Feb2023 - 17:05:18

Log Averages O2 (%) CO2 (%)
Stack Stack

15Feb2023 - 15:38:12 15.16 3.26
15Feb2023 - 15:39:12 15.16 3.23
15Feb2023 - 15:40:12 15.16 3.22
15Feb2023 - 15:41:12 15.15 3.22
15Feb2023 - 15:42:12 15.15 3.25
15Feb2023 - 15:43:12 15.15 3.24
15Feb2023 - 15:44:12 15.16 3.25
15Feb2023 - 15:45:12 15.15 3.23
15Feb2023 - 15:46:12 15.15 3.25
15Feb2023 - 15:47:12 15.16 3.25
15Feb2023 - 15:48:12 15.15 3.24
15Feb2023 - 15:49:12 15.15 3.24
15Feb2023 - 15:50:12 15.15 3.25
15Feb2023 - 15:51:12 15.15 3.25
15Feb2023 - 15:52:12 15.15 3.23
15Feb2023 - 15:53:12 15.15 3.23
15Feb2023 - 15:54:12 15.16 3.25
15Feb2023 - 15:55:12 15.15 3.26
15Feb2023 - 15:56:12 15.15 3.25
15Feb2023 - 15:57:12 15.15 3.26
15Feb2023 - 15:58:12 15.15 3.24
15Feb2023 - 15:59:12 15.15 3.24
15Feb2023 - 16:00:12 15.15 3.23
15Feb2023 - 16:01:12 15.15 3.23
15Feb2023 - 16:02:12 15.15 3.23
15Feb2023 - 16:03:12 15.15 3.26
15Feb2023 - 16:04:12 15.15 3.25
15Feb2023 - 16:05:12 15.15 3.22
15Feb2023 - 16:06:12 15.14 3.24
15Feb2023 - 16:07:12 15.15 3.22
15Feb2023 - 16:08:12 15.15 3.24
15Feb2023 - 16:09:12 15.14 3.25
15Feb2023 - 16:10:12 15.14 3.23
15Feb2023 - 16:11:12 15.14 3.26
15Feb2023 - 16:12:12 15.14 3.23
15Feb2023 - 16:13:12 15.14 3.23
15Feb2023 - 16:14:12 15.15 3.23
15Feb2023 - 16:15:12 15.15 3.26
15Feb2023 - 16:16:12 15.14 3.25
15Feb2023 - 16:17:12 15.14 3.24
15Feb2023 - 16:18:12 15.14 3.24
15Feb2023 - 16:19:12 15.14 3.24
15Feb2023 - 16:20:12 15.14 3.23
15Feb2023 - 16:21:12 15.15 3.24
15Feb2023 - 16:22:12 15.14 3.25
15Feb2023 - 16:23:12 15.14 3.22
15Feb2023 - 16:24:12 15.14 3.26
15Feb2023 - 16:25:12 15.14 3.25
15Feb2023 - 16:26:12 15.14 3.23
15Feb2023 - 16:27:12 15.14 3.24
15Feb2023 - 16:28:12 15.14 3.24
15Feb2023 - 16:29:12 15.14 3.24
15Feb2023 - 16:30:12 15.14 3.25
15Feb2023 - 16:31:12 15.14 3.25
15Feb2023 - 16:32:12 15.14 3.23
15Feb2023 - 16:33:12 15.14 3.24
15Feb2023 - 16:34:12 15.15 3.23
15Feb2023 - 16:35:12 15.15 3.22
15Feb2023 - 16:36:12 15.14 3.23
15Feb2023 - 16:37:12 15.14 3.24
15Feb2023 - 16:38:12 15.14 3.24
15Feb2023 - 16:39:12 15.15 3.24
15Feb2023 - 16:40:12 15.14 3.24
15Feb2023 - 16:41:12 15.14 3.24
15Feb2023 - 16:42:12 15.15 3.25
15Feb2023 - 16:43:12 15.14 3.27
15Feb2023 - 16:44:12 15.14 3.21
15Feb2023 - 16:45:12 15.15 3.24
15Feb2023 - 16:46:12 15.16 3.23
15Feb2023 - 16:47:12 15.15 3.23
15Feb2023 - 16:48:12 15.14 3.23
15Feb2023 - 16:49:12 15.15 3.25
15Feb2023 - 16:50:12 15.14 3.25
15Feb2023 - 16:51:12 15.14 3.25
15Feb2023 - 16:52:12 15.14 3.24
15Feb2023 - 16:53:12 15.14 3.25
15Feb2023 - 16:54:12 15.15 3.25
15Feb2023 - 16:55:12 15.15 3.25
15Feb2023 - 16:56:12 15.14 3.25
15Feb2023 - 16:57:12 15.14 3.25
15Feb2023 - 16:58:12 15.14 3.25
15Feb2023 - 16:59:12 15.14 3.26
15Feb2023 - 17:00:12 15.14 3.23
15Feb2023 - 17:01:12 15.15 3.25
15Feb2023 - 17:02:12 15.14 3.28
15Feb2023 - 17:03:12 15.14 3.25
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-2

 Start - 15Feb2023 - 12:45:12
Stop - 15Feb2023 - 17:05:18

Log Averages O2 (%) CO2 (%)
Stack Stack

15Feb2023 - 17:04:12 15.14 3.24
15Feb2023 - 17:05:12 15.13 3.25
15Feb2023 - 17:05:18 15.14 3.27
Average 15.14 3.22
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REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-3

 Start - 16Feb2023 - 07:15:08
Stop - 16Feb2023 - 11:35:33

Cylinder Gas O2 (%) CO2 (%)
Stack Stack

Zero ID
Zero Expiration
Low ID
Low Expiration
Low Concentration
Mid ID CC338233 CC338233
Mid Expiration 5/18/2030 5/18/2030
Mid Concentration 9.98 10.02
High ID CC428437 CC428437
High Expiration 3/5/2027 3/5/2027
High Concentration 22.13 18.34

Calibration Error O2 (%) CO2 (%)
16Feb2023 - 06:50:25 Stack Stack
Zero Response 0.06 0.07
Zero Error (%) 0.25 0.41
Low Response 0 0
Low Error (%) 0 0
Mid Response 10.01 9.99
Mid Error (%) 0.15 -0.14
High Response 22.16 18.35
High Error (%) 0.16 0.03

Initial Bias O2 (%) CO2 (%)
16Feb2023 - 06:55:49 Stack Stack
Zero Response 0.05 0.07
Zero Bias (%) -0.04 -0.02
Span Concentration 9.98 10.02
Span Response 9.97 9.95
Span Bias (%) -0.18 -0.27

Final Bias & Drift O2 (%) CO2 (%)
16Feb2023 - 11:42:57 Stack Stack
Zero Response 0.09 0.08
Zero Bias (%) 0.15 0.05
Zero Drift (%) 0.19 0.07
Span Concentration 9.98 10.02
Span Response 10.05 9.92
Span Bias (%) 0.2 -0.38
Span Drift (%) 0.38 -0.11

Results O2 (%) CO2 (%)
Stack Stack

Corrected Averages 15.15 3.2
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-3

 Start - 16Feb2023 - 07:15:08
Stop - 16Feb2023 - 11:35:33

Log Averages O2 (%) CO2 (%)
Stack Stack

16Feb2023 - 07:16:08 15.15 3.25
16Feb2023 - 07:17:08 15.15 3.26
16Feb2023 - 07:18:08 15.16 3.25
16Feb2023 - 07:19:08 15.16 3.23
16Feb2023 - 07:20:08 15.15 3.26
16Feb2023 - 07:21:08 15.15 3.24
16Feb2023 - 07:22:08 15.16 3.24
16Feb2023 - 07:23:08 15.16 3.21
16Feb2023 - 07:24:08 15.15 3.25
16Feb2023 - 07:25:08 15.15 3.22
16Feb2023 - 07:26:08 15.15 3.25
16Feb2023 - 07:27:08 15.15 3.24
16Feb2023 - 07:28:08 15.16 3.23
16Feb2023 - 07:29:08 15.15 3.23
16Feb2023 - 07:30:08 15.15 3.23
16Feb2023 - 07:31:08 15.16 3.23
16Feb2023 - 07:32:08 15.16 3.24
16Feb2023 - 07:33:08 15.16 3.23
16Feb2023 - 07:34:08 15.16 3.24
16Feb2023 - 07:35:08 15.16 3.24
16Feb2023 - 07:36:08 15.15 3.23
16Feb2023 - 07:37:08 15.15 3.22
16Feb2023 - 07:38:08 15.15 3.23
16Feb2023 - 07:39:08 15.16 3.24
16Feb2023 - 07:40:08 15.15 3.22
16Feb2023 - 07:41:08 15.15 3.22
16Feb2023 - 07:42:08 15.15 3.22
16Feb2023 - 07:43:08 15.16 3.24
16Feb2023 - 07:44:08 15.17 3.25
16Feb2023 - 07:45:08 15.16 3.25
16Feb2023 - 07:46:08 15.16 3.24
16Feb2023 - 07:47:08 15.16 3.24
16Feb2023 - 07:48:08 15.16 3.24
16Feb2023 - 07:49:08 15.15 3.22
16Feb2023 - 07:50:08 15.16 3.22
16Feb2023 - 07:51:08 15.16 3.23
16Feb2023 - 07:52:08 15.16 3.25
16Feb2023 - 07:53:08 15.16 3.24
16Feb2023 - 07:54:08 15.16 3.23
16Feb2023 - 07:55:08 15.17 3.24
16Feb2023 - 07:56:08 15.16 3.24
16Feb2023 - 07:57:08 15.16 3.23
16Feb2023 - 07:58:08 15.17 3.23
16Feb2023 - 07:59:08 15.16 3.24
16Feb2023 - 08:00:08 15.16 3.22
16Feb2023 - 08:01:08 15.17 3.25
16Feb2023 - 08:02:08 15.17 3.24
16Feb2023 - 08:03:08 15.16 3.23
16Feb2023 - 08:04:08 15.16 3.25
16Feb2023 - 08:05:08 15.17 3.22
16Feb2023 - 08:06:08 15.17 3.23
16Feb2023 - 08:07:08 15.17 3.2
16Feb2023 - 08:08:08 15.17 3.24
16Feb2023 - 08:09:08 15.17 3.22
16Feb2023 - 08:10:08 15.17 3.24
16Feb2023 - 08:11:08 15.17 3.24
16Feb2023 - 08:12:08 15.17 3.23
16Feb2023 - 08:13:08 15.17 3.23
16Feb2023 - 08:14:08 15.17 3.23
16Feb2023 - 08:15:08 15.17 3.23
16Feb2023 - 08:16:08 15.17 3.24
16Feb2023 - 08:17:08 15.17 3.23
16Feb2023 - 08:18:08 15.17 3.21
16Feb2023 - 08:19:08 15.17 3.24
16Feb2023 - 08:20:08 15.17 3.23
16Feb2023 - 08:21:08 15.17 3.23
16Feb2023 - 08:22:08 15.18 3.23
16Feb2023 - 08:23:08 15.17 3.23
16Feb2023 - 08:24:08 15.17 3.22
16Feb2023 - 08:25:08 15.17 3.24
16Feb2023 - 08:26:08 15.18 3.21
16Feb2023 - 08:27:08 15.17 3.23
16Feb2023 - 08:28:08 15.18 3.22
16Feb2023 - 08:29:08 15.17 3.22
16Feb2023 - 08:30:08 15.17 3.22
16Feb2023 - 08:31:08 15.17 3.25
16Feb2023 - 08:32:08 15.17 3.24
16Feb2023 - 08:33:08 15.18 3.21
16Feb2023 - 08:34:08 15.18 3.23
16Feb2023 - 08:35:08 15.18 3.22
16Feb2023 - 08:36:08 15.18 3.22
16Feb2023 - 08:37:08 15.18 3.22
16Feb2023 - 08:38:08 15.17 3.22
16Feb2023 - 08:39:08 15.18 3.23
16Feb2023 - 08:40:08 15.17 3.22
16Feb2023 - 08:41:08 15.17 3.22
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-3

 Start - 16Feb2023 - 07:15:08
Stop - 16Feb2023 - 11:35:33

Log Averages O2 (%) CO2 (%)
Stack Stack

16Feb2023 - 08:42:08 15.17 3.22
16Feb2023 - 08:43:08 15.17 3.24
16Feb2023 - 08:44:08 15.17 3.23
16Feb2023 - 08:45:08 15.17 3.22
16Feb2023 - 08:46:08 15.17 3.2
16Feb2023 - 08:47:08 15.17 3.23
16Feb2023 - 08:48:08 15.17 3.23
16Feb2023 - 08:49:08 15.17 3.23
16Feb2023 - 08:50:08 15.16 3.22
16Feb2023 - 08:51:08 15.16 3.24
16Feb2023 - 08:52:08 15.16 3.22
16Feb2023 - 08:53:08 15.17 3.22
16Feb2023 - 08:54:08 15.17 3.23
16Feb2023 - 08:55:08 15.17 3.25
16Feb2023 - 08:56:08 15.17 3.22
16Feb2023 - 08:57:08 15.17 3.23
16Feb2023 - 08:58:08 15.17 3.22
16Feb2023 - 08:59:08 15.17 3.22
16Feb2023 - 09:00:08 15.18 3.24
16Feb2023 - 09:01:08 15.17 3.22
16Feb2023 - 09:02:08 15.17 3.23
16Feb2023 - 09:03:08 15.17 3.23
16Feb2023 - 09:04:08 15.17 3.23
16Feb2023 - 09:05:08 15.17 3.22
16Feb2023 - 09:06:08 15.17 3.22
16Feb2023 - 09:07:08 15.17 3.24
16Feb2023 - 09:08:08 15.17 3.23
16Feb2023 - 09:09:08 15.18 3.22
16Feb2023 - 09:10:08 15.18 3.24
16Feb2023 - 09:11:08 15.17 3.22
16Feb2023 - 09:12:08 15.17 3.23
16Feb2023 - 09:13:08 15.17 3.21
16Feb2023 - 09:14:08 15.17 3.23
16Feb2023 - 09:15:08 15.17 3.23
16Feb2023 - 09:16:08 15.17 3.2
16Feb2023 - 09:17:08 15.18 3.22
16Feb2023 - 09:18:08 15.18 3.2
16Feb2023 - 09:19:08 15.18 3.24
16Feb2023 - 09:20:08 15.18 3.23
16Feb2023 - 09:21:08 15.18 3.22
16Feb2023 - 09:22:08 15.18 3.22
16Feb2023 - 09:23:08 15.18 3.23
16Feb2023 - 09:24:08 15.18 3.21
16Feb2023 - 09:25:08 15.18 3.22
16Feb2023 - 09:26:08 15.17 3.21
16Feb2023 - 09:27:08 15.18 3.23
16Feb2023 - 09:28:08 15.18 3.24
16Feb2023 - 09:29:08 15.18 3.24
16Feb2023 - 09:30:08 15.19 3.21
16Feb2023 - 09:31:08 15.19 3.24
16Feb2023 - 09:32:08 15.18 3.21
16Feb2023 - 09:33:08 15.19 3.21
16Feb2023 - 09:34:08 15.18 3.23
16Feb2023 - 09:35:08 15.18 3.23
16Feb2023 - 09:36:08 15.18 3.2
16Feb2023 - 09:37:08 15.18 3.22
16Feb2023 - 09:38:08 15.17 3.21
16Feb2023 - 09:39:08 15.17 3.22
16Feb2023 - 09:40:08 15.18 3.22
16Feb2023 - 09:41:08 15.18 3.22
16Feb2023 - 09:42:08 15.17 3.22
16Feb2023 - 09:43:08 15.17 3.23
16Feb2023 - 09:44:08 15.18 3.21
16Feb2023 - 09:45:08 15.18 3.23
16Feb2023 - 09:46:08 15.18 3.21
16Feb2023 - 09:47:08 15.19 3.21
16Feb2023 - 09:48:08 15.19 3.21
16Feb2023 - 09:49:08 15.18 3.21
16Feb2023 - 09:50:08 15.17 3.2
16Feb2023 - 09:51:08 15.17 3.22
16Feb2023 - 09:52:08 15.18 3.19
16Feb2023 - 09:53:08 15.18 3.21
16Feb2023 - 09:54:08 15.18 3.21
16Feb2023 - 09:55:08 15.18 3.22
16Feb2023 - 09:56:08 15.17 3.22
16Feb2023 - 09:57:08 15.18 3.22
16Feb2023 - 09:58:08 15.17 3.21
16Feb2023 - 09:59:08 15.17 3.19
16Feb2023 - 10:00:08 15.16 3.21
16Feb2023 - 10:01:08 15.16 3.21
16Feb2023 - 10:02:08 15.17 3.22
16Feb2023 - 10:03:08 15.17 3.21
16Feb2023 - 10:04:08 15.17 3.22
16Feb2023 - 10:05:08 15.17 3.21
16Feb2023 - 10:06:08 15.17 3.21
16Feb2023 - 10:07:08 15.16 3.22
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-3

 Start - 16Feb2023 - 07:15:08
Stop - 16Feb2023 - 11:35:33

Log Averages O2 (%) CO2 (%)
Stack Stack

16Feb2023 - 10:08:08 15.17 3.19
16Feb2023 - 10:09:08 15.18 3.22
16Feb2023 - 10:10:08 15.17 3.21
16Feb2023 - 10:11:08 15.17 3.19
16Feb2023 - 10:12:08 15.17 3.21
16Feb2023 - 10:13:08 15.17 3.2
16Feb2023 - 10:14:08 15.17 3.21
16Feb2023 - 10:15:08 15.17 3.23
16Feb2023 - 10:16:08 15.17 3.19
16Feb2023 - 10:17:08 15.17 3.21
16Feb2023 - 10:18:08 15.17 3.21
16Feb2023 - 10:19:08 15.17 3.22
16Feb2023 - 10:20:08 15.17 3.22
16Feb2023 - 10:21:08 15.17 3.2
16Feb2023 - 10:22:08 15.17 3.23
16Feb2023 - 10:23:08 15.17 3.23
16Feb2023 - 10:24:08 15.17 3.21
16Feb2023 - 10:25:08 15.17 3.21
16Feb2023 - 10:26:08 15.17 3.21
16Feb2023 - 10:27:08 15.17 3.23
16Feb2023 - 10:28:08 15.17 3.2
16Feb2023 - 10:29:08 15.17 3.2
16Feb2023 - 10:30:08 15.17 3.22
16Feb2023 - 10:31:08 15.17 3.22
16Feb2023 - 10:32:08 15.17 3.23
16Feb2023 - 10:33:08 15.17 3.21
16Feb2023 - 10:34:08 15.17 3.23
16Feb2023 - 10:35:08 15.17 3.21
16Feb2023 - 10:36:08 15.17 3.2
16Feb2023 - 10:37:08 15.18 3.22
16Feb2023 - 10:38:08 15.18 3.19
16Feb2023 - 10:39:08 15.17 3.22
16Feb2023 - 10:40:08 15.17 3.22
16Feb2023 - 10:41:08 15.18 3.22
16Feb2023 - 10:42:08 15.18 3.21
16Feb2023 - 10:43:08 15.17 3.2
16Feb2023 - 10:44:08 15.17 3.21
16Feb2023 - 10:45:08 15.18 3.23
16Feb2023 - 10:46:08 15.17 3.21
16Feb2023 - 10:47:08 15.17 3.21
16Feb2023 - 10:48:08 15.18 3.22
16Feb2023 - 10:49:08 15.17 3.22
16Feb2023 - 10:50:08 15.18 3.22
16Feb2023 - 10:51:08 15.18 3.21
16Feb2023 - 10:52:08 15.18 3.22
16Feb2023 - 10:53:08 15.18 3.21
16Feb2023 - 10:54:08 15.17 3.21
16Feb2023 - 10:55:08 15.18 3.22
16Feb2023 - 10:56:08 15.17 3.21
16Feb2023 - 10:57:08 15.17 3.23
16Feb2023 - 10:58:08 15.17 3.2
16Feb2023 - 10:59:08 15.17 3.2
16Feb2023 - 11:00:08 15.17 3.2
16Feb2023 - 11:01:08 15.17 3.21
16Feb2023 - 11:02:08 15.17 3.22
16Feb2023 - 11:03:08 15.17 3.22
16Feb2023 - 11:04:08 15.17 3.2
16Feb2023 - 11:05:08 15.17 3.21
16Feb2023 - 11:06:08 15.17 3.22
16Feb2023 - 11:07:08 15.16 3.2
16Feb2023 - 11:08:08 15.17 3.2
16Feb2023 - 11:09:08 15.17 3.22
16Feb2023 - 11:10:08 15.17 3.21
16Feb2023 - 11:11:08 15.17 3.21
16Feb2023 - 11:12:08 15.17 3.22
16Feb2023 - 11:13:08 15.16 3.2
16Feb2023 - 11:14:08 15.17 3.21
16Feb2023 - 11:15:08 15.17 3.22
16Feb2023 - 11:16:08 15.17 3.21
16Feb2023 - 11:17:08 15.17 3.19
16Feb2023 - 11:18:08 15.17 3.21
16Feb2023 - 11:19:08 15.17 3.2
16Feb2023 - 11:20:08 15.17 3.2
16Feb2023 - 11:21:08 15.17 3.2
16Feb2023 - 11:22:08 15.18 3.22
16Feb2023 - 11:23:08 15.17 3.19
16Feb2023 - 11:24:08 15.17 3.22
16Feb2023 - 11:25:08 15.17 3.21
16Feb2023 - 11:26:08 15.17 3.22
16Feb2023 - 11:27:08 15.17 3.21
16Feb2023 - 11:28:08 15.17 3.22
16Feb2023 - 11:29:08 15.18 3.22
16Feb2023 - 11:30:08 15.18 3.2
16Feb2023 - 11:31:08 15.18 3.22
16Feb2023 - 11:32:08 15.17 3.2
16Feb2023 - 11:33:08 15.17 3.19
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth PM - Weymouth, MA
Unit 1 - Run PM-3

 Start - 16Feb2023 - 07:15:08
Stop - 16Feb2023 - 11:35:33

Log Averages O2 (%) CO2 (%)
Stack Stack

16Feb2023 - 11:34:08 15.18 3.22
16Feb2023 - 11:35:08 15.17 3.22
16Feb2023 - 11:35:33 15.18 3.22
Average 15.17 3.22
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth - Weymouth, MA
Unit 1 - Run strat

 Datalog

Log Averages O2 (%) CO2 (%) NOx (ppm)
Stack Stack Stack

15Feb2023 - 07:42:07 15.2 3.22 6.16 Point 1
15Feb2023 - 07:43:07 15.19 3.21 6.11
15Feb2023 - 07:44:07 15.19 3.21 6.03
15Feb2023 - 07:45:07 15.18 3.22 5.98 Point 2
15Feb2023 - 07:46:07 15.18 3.21 5.96
15Feb2023 - 07:47:07 15.18 3.2 6.03
15Feb2023 - 07:48:07 15.18 3.21 6.04 Point 3
15Feb2023 - 07:48:53 15.18 3.19 5.98

 Operated by: Bali

Weymouth Turbine Emissions Testing

ENBR2023-6
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 REMdaq Report
Instrumental Reference Method

 ENBR 2023 Weymouth - Weymouth, MA
Unit 1 - Run NOx

 Datalog

Log Averages O2 (%) CO2 (%) NOx (ppm)
Stack Stack Stack

15Feb2023 - 11:25:50 21.03 -0.01 8.75

 Operated by: Bali
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Appendix C 

Laboratory Data 

 

  





















 

 

Appendix D 

Example Calculations 

  



Volume of Dry Gas Sampled at Standard Conditions, dscf

= =
= =
= =
=

=

Volume of Water Vapor at Standard Conditions, scf

=

=

Percent Moisture, By Volume, as measured in Flue Gas, %

=
=

=

Absolute Flue Gas Pressure, Inches of Mercury

=
=

=

Percent Moisture Saturation at Flue Gas  Conditions, %

=
=

=

Dry Mole Fraction of Flue Gas

=

=

Enbridge - Weymouth Canomara LLC
Taurus 60 (Stack) Source Testing Services

Example Calculations
Test Run 1

γ

2.304

Pstd

13.74

29.73

Ts

Ps

100.00

Bws

6.29

29.61PBr

Pg 1.60

204.559
13.74Vwstd

Vmstd

0.937

204.559

0.983

29.73
942.40

292Vlc

203.543
29.61

528
29.92Vm

PBr

ΔH

Tstd (°R)

514.02Tm (°R)

0.0629

𝑉 = 𝛾 𝑉  
𝑃 +

Δ𝐻
13.6

𝑇

𝑃  𝑇

𝑉 = 0.04706 𝑉

% 𝐻 𝑂 = 100 x 
𝑉

𝑉 +  𝑉

𝑃 =  𝑃 +  
𝑃

13.6

% 𝐻 𝑂 =  10
.   

.  
100

𝑃

𝑀 = 1 − 𝐵

Weymouth Turbine Emissions Testing Appendix D Page 1 / 8
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Enbridge - Weymouth Canomara LLC
Taurus 60 (Stack) Source Testing Services

Example Calculations
Test Run 1

Dry Molecular Weight of Flue Gas, lb/lb-mole

=
=
=

=

Wet Molecular Weight of the Flue Gas, lb/lb-mole

=
=
=

=

Average Flue Gas Velocity, ft/sec

=
=
=
=

= =

Dry Volumetric Flue Gas Flow Rate at Standard Conditions, dscfm

= =
= =
= =

= =

Actual Wet Volumetric Flue Gas Flow Rate at Actual Conditions, acfm

=
=

=

49,951
Ps

vs

As

142,502

64.00
1402.40

Mfd

tstd (°R)

vs

28.42

0.40
1402.40

15.24% O2

Mfd

0.0629Bws

%N2 + %CO 81.56

37.11
64.00

0.937

0.94
528

29.73
37.11

0.84

37.11

Cp

avg√ΔP
Ts (°R)

Ps

Ms

29.12

29.12

28.42

Md

3.20

29.73

29.92

% CO2

As

Pstd

Ts (°R)𝑄 =  
60 𝑀  𝑡  𝑃  𝑣  𝐴

𝑇  𝑃

𝑀 =  0.44 %𝐶𝑂 +  0.32 %𝑂 +  0.28 %𝑁 + %𝐶𝑂

𝑀 =  𝑀  𝑀 + 18 𝐵

𝑣 = 85.49 𝐶  𝑎𝑣𝑔 ∆𝑃 
𝑇

𝑃  𝑀

𝑄 = 60 𝑣  𝐴
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Enbridge - Weymouth Canomara LLC
Taurus 60 (Stack) Source Testing Services

Example Calculations
Test Run 1

Percent Excess Air

=
=
=
=

=

Fuel Factor

=
=

=

If Fo is between 1.016 and 1.130 the fuel could be anthracite or lignite
If Fo is between 1.083 and 1.230 the fuel could be bituminous coal
If Fo is between 1.210 and 1.413 the fuel could be oil
If Fo is between 1.600 and 1.836 the fuel could be natural gas

Percent Isokinetic of Sampling Rate, %

= =
= =
= =
= =
= =

= =

Filterable Particulate Concentration, gr/dscf

=
=

=

Filterbale Particulate Concentration Corrected to 7% O2 

=
=

=

WTSP

% O2

% CO2 3.20
15.24

81.56

1402.40
292

203.543
0.983

514.02
29.61

3.20
% O2

241.5

101.6

% CO

0.00003

0.0001

1.800

Ts (°R)
Vlc

Vm

γ
Tm (°R)

Pbar

% CO2

2.304

0.00
% N2

15.24

ΔH
θ
vs

Ps

Cs TSP 0.00003

Vm(std)

%O2

250
37.11
29.73

0.001032An

0.380
204.559

15.24

% 𝐸𝐴 = 100 
%𝑂   − (0.5 %𝐶𝑂)

(0.26422 %𝑁 ) −  %𝑂 +  (0.5 %𝐶𝑂)

𝐼 =
100 𝑇 0.002669 𝑉 +  

𝑉  γ
𝑇

 𝑃 +  
∆𝐻

13.6

60 𝜃 𝑣  𝑃  𝐴
 

𝐶  =  
0.0154 𝑊

𝑉 ( )

𝐶   @7%𝑂 =  𝐶   
20.9 − 7

20.9 − %𝑂

𝐹 =  
21 −  %𝑂

%𝐶𝑂
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Enbridge - Weymouth Canomara LLC
Taurus 60 (Stack) Source Testing Services

Example Calculations
Test Run 1

Filterable Particulate Emission Rate, lb/hr

=
=

=

Filterable Particulate Emission Rate, lb/mmBtu

=
=
=

= =0.0001

WTSP

Vmstd

Fd

%O2

0.012

Cs

Qsd

15.24

0.380
204.559

8624

0.00003
49,951

𝐸  /   =  
60 𝑄  𝐶

7000

𝐸  / =  
𝑊

453592 𝑉
 𝐹  

20.9

20.9 − %𝑂
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Enbridge - Weymouth Canomara LLC
Taurus 60 (Stack) Source Testing Services

Example Calculations
Test Run 1

Condensable Particulate Matter Concentration, gr/dscf

=
=

=

Condensable Particulate Matter Emission Rate, lb/hr

=
=

=

Condensable Particulate Matter Emission Rate, lb/mmBtu

=
=
=

= =

Total Particulate Matter Concentration, gr/dscf

=
=

=

Total Particulate Matter Emission Rate, lb/hr

=
=

=

mcpm 0.100
Vm(std) 204.559

0.00001

Wt PM2.5 0.557
Vm(std) 204.559

Fd 8624
0.0000 %O2 15.24

Qsd 49,951
Cs CPM 0.00001

0.003

mcpm 0.100
Vm (std) 204.559

0.0000

Qsd 49,951
Ct PM2.5 0.0000

0.018

𝐶  =  
0.0154 𝑚  

𝑉 ( )

𝐸  /   =  
60 𝑄  𝐶  

7000

𝐸  / =  
𝑚

453592 𝑉 ( )
 𝐹  

20.9

20.9 − %𝑂

𝐶  .
=  

0.0154 𝑊  .
 

𝑉 ( )

𝐸
.  /   =  

60 𝑄  𝐶  .

7000
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Enbridge - Weymouth Canomara LLC
Taurus 60 (Stack) Source Testing Services

Example Calculations
Test Run 1

Total Particulate Matter Emission Rate, lb/mmBtu

=
=
=

= =

Nitrogen Oxides (NOx) Concentration Corrected to 15% O2 

=
=

=

Nitrogen Oxides (NOx as NO2) Emission Rate, lb/hr

=
=
=

=

Nitrogen Oxides (NOx as NO2) Emission Rate, lb/mmBtu

=
=
=

= =

Carbon Monoxide (CO) Concentration Corrected to 15% O2 

=
=

=

Carbon Monoxide (CO) Emission Rate, lb/hr

=
=
=

=

0.42

Qsd 49,951
FWt 28.01

0.087
Cs CO

Cs NOx 6.03
15.24

2.16

Qsd 49,951
FWt 46.01

Cs NOx 6.03

0.0232

0.4

Cs NOx 6.03
FWt 46.01
Fd 8710

%O2 15.24

Cs CO 0.40
%O2 15.24

6.29

%O2

WPM2.5 0.557
Vm (std) 204.559

Fd 8710
0.00019 %O2 15.24

𝐶   @15% 𝑂 =  𝐶   
20.9 − 15

20.9 − %𝑂

𝐸  / =  60 𝑄  
𝐹𝑊

385.3 𝑥 10
 𝐶  

𝐸  / =  𝐶   
𝐹𝑊

385.3 𝑥 10
 𝐹  

20.9

20.9 − %𝑂

𝐶   @7% 𝑂 =  𝐶   
20.9 − 15

20.9 − %𝑂

𝐸  / =  60 𝑄  
𝐹𝑊

385.3 𝑥 10
 𝐶  

𝐸
.  / =  

𝑊
.

453592 𝑉 ( )
 𝐹  

20.9

20.9 − %𝑂
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Enbridge - Weymouth Canomara LLC
Taurus 60 (Stack) Source Testing Services

Example Calculations
Test Run 1

Total Hydrocarbon (THC as C1) Concentration, ppmd

=
=

=

Total Hydrocarbon (THC as C1) Concentration Corrected to 15% O2

=
=

=

Total Hydrocarbon (THC as C1) Emission Rate, lb/hr

=
=
=

=

Total Hydrocarbon (THC as C1) Emission Rate, lb/mmBtu

=
=
=

= =

Volatile Organic Compound (VOC as C1) Concentration, ppm

=
=
=

=

Volatile Organic Compound (VOC as C3) Concentration, ppm

=

=

Cs VOC (C1) 0.30

0.10

0.0004 %O2

THC 0.28

0.30

Mfd 0.937

0.30

Cs THC 0.30
CH4 ppmd 0.00
C2H6 ppmd 0.00

Cs THC 0.30
%O2 15.24

0.31

Qsd 49,951
FWt 16.042

Cs THC 0.30
0.04

Cs THC 0.30
FWt 16.042
Fd 8710

15.24

𝐶   ( ) = 𝐶   − 𝐶𝐻   − 2 𝐶 𝐻  

𝐶  =  
𝑇𝐻𝐶

𝑀
 

𝐶   @15% 𝑂 =  𝐶   
20.9 − 15

20.9 − %𝑂

𝐸  / =  60 𝑄  
𝐹𝑊

385.3 𝑥 10
 𝐶  

𝐸  / =  𝐶   
𝐹𝑊

385.3 𝑥 10
 𝐹  

20.9

20.9 − %𝑂

𝐶   ( ) =  
𝐶   ( )

3
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Enbridge - Weymouth Canomara LLC
Taurus 60 (Stack) Source Testing Services

Example Calculations
Test Run 1

Volatile Organic Compound (VOC as C1) Concentration Corrected to 15% O2

=
=

=

Volatile Organic Compound (VOC as C3) Concentration Corrected to 15% O2

=
=

=

Volatile Organic Compound (VOC as C1) Emission Rate, lb/hr

=
=
=

=

Volatile Organic Compound (VOC as C3) Emission Rate, lb/hr

=
=
=

=

Volatile Organic Compound (VOC as C1) Emission Rate, lb/mmBtu

=
=
=

= =

Cs VOC (C3)

Cs VOC (C3) 0.10
%O2 15.24

0.10

Qsd 49,951
FWt 44.0956

0.10
0.03

Cs VOC (C1)

Cs VOC (C1) 0.30
%O2 15.24

0.31

Qsd 49,951
FWt 16.042

0.30
0.04

Cs VOC (C1) 0.30
FWt 16.042
Fd 8710

0.00040 %O2 15.24

𝐶   ( ) @15% 𝑂 =  𝐶   ( )  
20.9 − 15

20.9 − %𝑂

𝐸  ( ) / =  60 𝑄  
𝐹𝑊

385.3 𝑥 10
 𝐶   ( )

𝐸  ( ) / =  𝐶   ( )  
𝐹𝑊

385.3 𝑥 10
 𝐹  

20.9

20.9 − %𝑂

𝐶   ( ) @15% 𝑂 =  𝐶   ( )  
20.9 − 15

20.9 − %𝑂

𝐸  ( ) / =  60 𝑄  
𝐹𝑊

385.3 𝑥 10
 𝐶   ( )
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CERTIFICATE OF ANALYSIS
Grade of Product: EPA Protocol

Part Number: E03NI60E15A1069 Reference Number: 160-401438826-1
Cylinder Number: CC428437 Cylinder Volume: 158.2 CF
Laboratory: 124 - Plumsteadville - PA Cylinder Pressure: 2015 PSIG
PGVP Number: A12019 Valve Outlet: 590
Gas Code: CO2,O2,BALN Certification Date: Mar 05, 2019

Expiration Date: Mar 05, 2027

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
mole/mole basis unless otherwise noted.

Do Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

CARBON DIOXIDE 18.00 % 18.34 % G1 +/- 1% NIST Traceable 03/05/2019
OXYGEN 22.00 % 22.13 % G1 +/- 1% NIST Traceable 03/05/2019
NITROGEN Balance -

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

NTRM 06011807 K008272 23.04 % CARBON DIOXIDE/NITROGEN 0.5% Jun 27, 2022
NTRM 16060507 CC401541 23.204 % OXYGEN/NITROGEN 0.2% Dec 24, 2021

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

HORIBA VA5011 T5V6VU9P NDIR CO2 NDIR Feb 12, 2019
SIEMENS OXYMAT 6 - W5951 - O2 PARAMAGNETIC Feb 05, 2019

Triad Data Available Upon Request

Airgas Specialty Gases
Airgas USA, LLC
6141 Easton Road
Bldg 1
Plumsteadville, PA 18949
Airgas.com

                   Signature on file                  

Approved for Release Page 1 of 160-401438826-1
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CERTIFICATE OF ANALYSIS
Grade of Product: EPA PROTOCOL STANDARD

Part Number: E03NI80E15A0138 Reference Number: 160-402444782-1
Cylinder Number: CC338233 Cylinder Volume: 141.0 CF
Laboratory: 124 - Plumsteadville - PA Cylinder Pressure: 2015 PSIG
PGVP Number: A12022 Valve Outlet: 590
Gas Code: CO2,O2,BALN Certification Date: May 18, 2022

Expiration Date: May 18, 2030

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
mole/mole basis unless otherwise noted. The results relate only to the items tested. The report shall not be reproduced except in full without approval of the laboratory. Do

Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

CARBON DIOXIDE 10.00 % 10.02 % G1 +/- 0.6% NIST Traceable 05/18/2022
OXYGEN 10.00 % 9.977 % G1 +/- 0.3% NIST Traceable 05/18/2022
NITROGEN Balance

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

NTRM 06010615 K008685 7.016 % CARBON DIOXIDE/NITROGEN +/- 0.5% Nov 19, 2027
NTRM 09060233 CC263101 9.961 % OXYGEN/NITROGEN +/- 0.3% Nov 05, 2024

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

HORIBA VA5011 T5V6VU9P NDIR CO2 NDIR May 11, 2022
SIEMENS OXYMAT 6 - N1-W5-951 - O2 PARAMAGNETIC May 11, 2022

Triad Data Available Upon Request

Airgas Specialty Gases
Airgas USA LLC
6141 Easton Road
Plumsteadville, PA 18949
Airgas.com

                   Signature on file                  

Approved for Release Page 1 of 1
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CERTIFICATE OF ANALYSIS
Grade of Product: EPA PROTOCOL STANDARD

Part Number: E03NI99E15A1035 Reference Number: 122-402143090-1
Cylinder Number: CC427947 Cylinder Volume: 144.3 CF
Laboratory: 124 - Durham (SAP) - NC Cylinder Pressure: 2015 PSIG
PGVP Number: B22021 Valve Outlet: 660
Gas Code: CO,NO,NOX,BALN Certification Date: Jul 07, 2021

Expiration Date: Jul 07, 2024

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
mole/mole basis unless otherwise noted. The results relate only to the items tested. The report shall not be reproduced except in full without approval of the laboratory. Do

Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

NOX 12.00 PPM 12.00 PPM G1 +/- 0.7% NIST Traceable 06/30/2021, 07/07/2021
CARBON MONOXIDE 12.00 PPM 12.01 PPM G1 +/- 0.8% NIST Traceable 06/30/2021
NITRIC OXIDE 12.00 PPM 11.99 PPM G1 +/- 1.0% NIST Traceable 06/30/2021, 07/07/2021
NITROGEN Balance

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

NTRM 19060809 CC714855 26.69 PPM CARBON MONOXIDE/NITROGEN +/- 0.7% Jun 04, 2025
PRM C1948110.02 APEX1324263 NOx 10.01 PPM NOx/NITROGEN +/- 0.5% Dec 23, 2022
NTRM 16010109 KAL004228 9.95 PPM NITRIC OXIDE/NITROGEN +/- 1.0% Oct 16, 2022
GMIS 16010109 KAL004228 NOX 9.95 PPM NOx/NITROGEN +/- 0.6% Oct 16, 2022
The SRM, NTRM, PRM, or RGM noted above is only in reference to the GMIS used in the assay and not part of the analysis.

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

SIEMENS ULTRAMAT 6 N1M6726 Nondispersive Infrared (NDIR) Jun 02, 2021
THERMO NO 42I-1202839462 Chemiluminescence Jun 30, 2021
THERMO NOX 42I-1202839462 Chemiluminescence Jun 30, 2021

Triad Data Available Upon Request

Airgas Specialty Gases
Airgas USA LLC
630 United Drive
Durham, NC 27713
Airgas.com

                   Signature on file                  

Approved for Release Page 1 of 1
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CERTIFICATE OF ANALYSIS
Grade of Product: EPA PROTOCOL STANDARD

Part Number: E03NI99E15A0863 Reference Number: 122-402599032-1
Cylinder Number: EB0106462 Cylinder Volume: 144.3 CF
Laboratory: 124 - Durham (SAP) - NC Cylinder Pressure: 2015 PSIG
PGVP Number: B22022 Valve Outlet: 660
Gas Code: CO,NO,NOX,BALN Certification Date: Nov 28, 2022

Expiration Date: Nov 28, 2025

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
mole/mole basis unless otherwise noted. The results relate only to the items tested. The report shall not be reproduced except in full without approval of the laboratory. Do

Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

NOX 6.000 PPM 5.935 PPM G1 +/- 0.7% NIST Traceable 11/21/2022, 11/28/2022
CARBON MONOXIDE 6.000 PPM 6.059 PPM G1 +/- 1.0% NIST Traceable 11/21/2022
NITRIC OXIDE 6.000 PPM 5.884 PPM G1 +/- 1.0% NIST Traceable 11/21/2022, 11/28/2022
NITROGEN Balance

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

NTRM 21060423 CC365332 9.942 PPM CARBON MONOXIDE/NITROGEN +/- 0.8% Jul 23, 2027
PRM C1948110.02 APEX1324263 NOx 10.01 PPM NOx/NITROGEN +/- 0.5% Dec 23, 2022
NTRM 16010104 KAL004087 9.95 PPM NITRIC OXIDE/NITROGEN +/- 1.0% Jun 07, 2026
GMIS 16010104 KAL004087 NOX 9.95 PPM NOx/NITROGEN +/- 0.6% May 14, 2024
The SRM, NTRM, PRM, or RGM noted above is only in reference to the GMIS used in the assay and not part of the analysis.

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

SIEMENS ULTRAMAT 6 N1M6726 Nondispersive Infrared (NDIR) Nov 09, 2022
THERMO NO 42I-1202839462 Chemiluminescence Nov 09, 2022
THERMO NOX 42I-1202839462 Chemiluminescence Nov 09, 2022

Triad Data Available Upon Request

Airgas Specialty Gases
Airgas USA LLC
630 United Drive
Durham, NC 27713
Airgas.com

                   Signature on file                  

Approved for Release Page 1 of 1
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CERTIFICATE OF ANALYSIS
Grade of Product: EPA Protocol

Part Number: E02AI99E15W0059 Reference Number: 122-401936871-1A
Cylinder Number: CC504746 Cylinder Volume: 130.6 CF
Laboratory: 124 - Durham (SAP) - NC Cylinder Pressure: 1800 PSIG
PGVP Number: B22020 Valve Outlet: 660
Gas Code: O2,NO2,BALN Certification Date: Nov 17, 2020

Expiration Date: Nov 17, 2023

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
mole/mole basis unless otherwise noted.

Do Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

NITROGEN DIOXIDE 9.000 PPM 9.291 PPM G1 +/- 2.3% NIST Traceable 11/10/2020, 11/17/2020
AIR Balance

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

GMIS 401085385102 CC511259 14.46 PPM NITROGEN DIOXIDE/NITROGEN +/- 2.1 Oct 31, 2022
PRM 12386 D685025 9.91 PPM NITROGEN DIOXIDE/AIR +/- 2.0% Feb 20, 2020
The SRM, PRM or RGM noted above is only in reference to the GMIS used in the assay and not part of the analysis.

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

MKS FTIR NO2 018176583 FTIR Nov 11, 2020

Triad Data Available Upon Request

PERMANENT NOTES:-NA-

Airgas Specialty Gases
Airgas USA, LLC
630 United Drive
Durham, NC 27713
Airgas.com

                   Signature on file                  

Approved for Release Page 1 of 122-401936871-1A
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CERTIFICATE OF ANALYSIS
Grade of Product: EPA Protocol

Part Number: E02AI99E15AC431 Reference Number: 122-402071950-1
Cylinder Number: ALM-040608 Cylinder Volume: 146.0 CF
Laboratory: 124 - Durham (SAP) - NC Cylinder Pressure: 2015 PSIG
PGVP Number: B22021 Valve Outlet: 590
Gas Code: CH4,BALA Certification Date: Mar 29, 2021

Expiration Date: Mar 29, 2029

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
mole/mole basis unless otherwise noted.

Do Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

METHANE 8.500 PPM 8.554 PPM G1 +/- 1.2% NIST Traceable 03/29/2021
AIR Balance

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

NTRM 17060617 CC492269 4.986 PPM METHANE/AIR +/- 0.8% Jul 27, 2023

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

Nicolet 6700 AHR0801549 CH4 FTIR Mar 03, 2021

Triad Data Available Upon Request

Airgas Specialty Gases
Airgas USA, LLC
630 United Drive
Durham, NC 27713
Airgas.com

                   Signature on file                  

Approved for Release Page 1 of 122-402071950-1
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CERTIFICATE OF ANALYSIS
Grade of Product: EPA Protocol

Part Number: E02AI99E15A0444 Reference Number: 82-124598941-1
Cylinder Number: XC011774B Cylinder Volume: 146.2 CF
Laboratory: 124 - Riverton (SAP) - NJ Cylinder Pressure: 2015 PSIG
PGVP Number: B52017 Valve Outlet: 590
Gas Code: CH4,BALA Certification Date: Jan 24, 2017

Expiration Date: Jan 24, 2025

Certification performed in accordance with “EPA Traceability Protocol for Assay and Certification of Gaseous Calibration Standards (May 2012)” document EPA
600/R-12/531, using the assay procedures listed. Analytical Methodology does not require correction for analytical interference. This cylinder has a total analytical

uncertainty as stated below with a confidence level of 95%. There are no significant impurities which affect the use of this calibration mixture. All concentrations are on a
volume/volume basis unless otherwise noted.

Do Not Use This Cylinder below 100 psig, i.e. 0.7 megapascals.

ANALYTICAL RESULTS
Component Requested Actual Protocol Total Relative Assay

Concentration Concentration Method Uncertainty Dates

METHANE 3.000 PPM 2.985 PPM G1 +/- 1.0% NIST Traceable 01/24/2017
AIR Balance -

CALIBRATION STANDARDS
Type Lot ID Cylinder No Concentration Uncertainty Expiration Date

ANALYTICAL EQUIPMENT
Instrument/Make/Model Analytical Principle Last Multipoint Calibration

MKS 2031 FTIR Jan 24, 2017

Triad Data Available Upon Request

Airgas Specialty Gases
Airgas USA, LLC
600 Union Landing Road
Cinnaminson, NJ 08077-0000
Airgas.com

                   Signature on file                  

Approved for Release Page 1 of 82-124598941-1
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Date: 11/7/2022

DGM ID: 2170

Technician: E. Gutfran

Critical Orifice Id No.:

Critical Vacuum

K' factor
Run Number

DGM Cal. Factor, Y

Y Average

Y Dev. from avg.
1

Y Dev. from other
2

Max Y: 0.991 Min Y: 0.977 Y deviation: 1.45% good

Delta H@

Delta H@ Average

Delta H Dev. from avg.
3

Average Y = 0.983

Average Delta H = 2.048

1.  Y at each of the flow rates should not differ by more than +/- 2.0% from the average

2.  If any critical orifice yields a DGM Y factor differing by more than 2% from others, recalibrate orifices

3.  Average Delta H@ must be within 0.15 of the average

Vm(std) = 17.64  Vm  (Pbar + deltaH/13.6) / (Tm + 460)

Vcr(std) = K'  Pbar  Time  /  SQRT(Tamb + 460)

Y = Vcr(std) / Vm(std)

Canomara LLC

Critical Orifice Calibration

1500S-16 1500S-19 1500S-24

2

15 15 15

0.4444 0.5281 0.6614

7.299 14.346 21.424 30.218

1 2 1 2 1

39.043

DGM Initial Reading (ft
3
) 995.415 1.349 7.301 14.346 21.424 30.218

DGM Final Reading (ft
3
) 1001.349

Yes Yes

Difference, Vm (ft
3
) 5.934 5.950 7.045 7.078 8.794

74 75 77 79

8.825

Volume Criteria Met (>5ft
3
) Yes Yes Yes Yes

81

DGM Final (
o
F) 74 74 77 79 81 85

DGM Initial (
o
F) 74

10 10

Average Temp., Tm 74 74 76 78 80

1.2 1.7 1.7 2.6

83

Time (min) 10 10 10 10

2.6

Pbar (in. Hg) 29.87 29.87 29.87 29.87 29.87 29.87

Delta H (in. H2O) 1.2

17 17

Ambient Temp (
o
F) 74 74 74 74 74

5.888 6.954 6.961 8.636

74

Pump Vacuum (in. Hg) 20 20 19 19

8.618

Vcr(std) (ft
3
) 5.744 5.744 6.826 6.826 8.549 8.549

Vm(std) (ft
3
) 5.872

0.978 0.976 0.982 0.981 0.990 0.992

0.977 0.981 0.991

0.13% 0.05% 0.10%

2.074 2.074 2.073 2.065 2.006 1.995

2.074 2.069 2.001

0.00% 0.19% 0.28%
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Pitot Tube Inspection Form
40 CFR 60, Appendix A, Method 2

Pitot Number: Inspected By: 

Inspection Date: Reviewed By: 

Pitot Type:  Detachable Tip X Fixed PM10 

Wind Tunnel Calibration? No X Yes Coefficient:  A side

B side

Level?

Obstructions?

Damaged?

Diagram 1

-10
o
 < a1 < +10

o
 =

-10
o
 < a2 < +10

o
 =

Diagram 2

-5
o
 < b1 < +5

o
 =

-5
o
 < b2 < +5

o
 =

Diagram 3

g =

Q =

A =

Pa = Pb = A/2 =

0.188" < Dt < 0.375" =

1.05 Dt < A/2 < 1.5 Dt =

z =A tan g < 0.125" = 

w =A tan Q < 0.03125" =

w and z meet specs?

S-type w/ 1/4" tubing

10-foot length

NOTES:

1. For Method 5 configurations verify the 3/4 inch separation between the pitot tube and the nozzle.

2. For Method 5 configurations verifiy that the thermocouple is either set back 2 inches from the pitot tube opening or has a 3/4 inch separation.

3. As per Method 2, a pitot tube/probe that meets all criteria and design features is assigned a 0.84 coefficient.

P-10-1 Ed Gutfran

09/01/2022 Jim Canora

Yes

No

No

-1

1

2

-1

0

0.010

YES

Comments:  

1

0.593

0.297

0.247

YES

0.000

Diagram 1

Degree indicating level position for 

determining a1 and a2.

Diagram 2

Degree indicating level position for 

determining b1 and b2.

w

Degree indicating level position for 

determining  q then calculate w.

Degree indicating level position for 

determining  g then calculate z.

Dt

Diagram 3

A

a1

a2

b1

b2

z
g

Q
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EPA Method 1
Sample and Velocity Traverses for Stationary Sources Page 1 / 2

Revised: 08/2/2018

SUMMARY

A measurement site where the effluent stream is flowing in a known direction is selected, and the cross-section of the
stack is divided into a number of equal areas. Traverse points are then located within each of these equal areas.

SITE SELECTION

 Sampling or velocity measurements must be taken at a position at least 2 stack diameters downstream and a
half diameter upstream from any flow disturbance.

 The minimum allowed number of traverse points can be used when there is at least 8 stack diameters
downstream and 2 stack diameters upstream.

 For particulate traverses refer to table 1 to determine the required number of traverse points

 For velocity traverses refer to table 2 to determine the required number of traverse points

 For circular stacks, locate the traverse points on two perpendicular diameters according to the diameter
percentages listed in table 3.

 For rectangular stacks, divide the stack into as many equal areas as traverse points and locate each traverse
point in the center of each area.

 Verify the absence of cyclonic flow using a Type S pitot tube and the manometer nulling technique.

Table 1
Particulate Traverses
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EPA Method 1
Sample and Velocity Traverses for Stationary Sources Page 2 / 2

Revised: 08/2/2018

Table 2
Velocity Traverses

Table 3
Location of Traverse Points in Circular Stacks

Traverse
Point

Number of Traverse Points on a Diameter

4 6 8 10 12

1 6.7 4.4 3.2 2.6 2.1

2 25.0 14.6 10.5 8.2 6.7

3 75.0 29.6 19.4 14.6 11.8

4 93.3 70.4 32.3 22.6 17.7

5 85.4 67.7 34.2 25.0

6 95.6 80.6 65.8 35.6

7 89.5 77.4 64.4

8 96.8 85.4 75.0

9 91.8 82.3

10 97.4 88.2

11 93.3

12 97.9
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EPA Method 2
Determination of Stack Gas Velocity and Volumetric Flow Rate
(Type S Pitot Tube) Page 1 / 1

Revised: 08/2/2018

SUMMARY

The average gas velocity in a stack is determined from the gas density and from measurement of the average velocity
head with a Type S (Stausscheibe or reverse type) pitot tube.

MEASUREMENT EQUIPMENT

 Type S pitot tube constructed of stainless steel or other appropriate metal with a known coefficient.

 Leak free flexible tubing

 Differential pressure gauge such as in inclined manometer with a 10-inch water column with gradations of
0.01 - 0.1 inH2O for Δp readings greater than 0.05 inH2O.

 Temperature sensor such as a K-Type thermocouple attached to the pitot tube.

SAMPLING PROCEDURE

 It is recommended that a pre-test leak check be conducted by blowing into the positive side of the pitot tube
until at least 3.0 inH2O is registered on the manometer. Block off the opening and observe that the reading
remains stable for at least 15 seconds. Follow the same procedure on the negative side of the pitot tube using
suction.

 Measure velocity head and temperature and the traverse points determined by EPA Method 1.

 Measure the static pressure in the stack.

 Determine the atmospheric pressure.

 Determine the stack gas dry molecular weight using EPA Method 3 or 3a.

 Determine moisture content using EPA Method 4, wet-bulb/dry-bulb, or saturation.

QUALITY ASSURANCE

 Pitot tube calibration by either geometric or wind tunnel measurements.

 Thermocouple calibration using an ice bath and boiling water.

 Pitot tube leak checks conducted before and after each velocity traverse.

 Maintain a properly leveled and zeroed manometer.
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EPA Method 3a
Determination of Oxygen and Carbon Dioxide Concentrations
In Emissions from Stationary Sources (Instrumental Analyzer Procedure) Page 1 / 3

Revised: 08/2/2018

SUMMARY

Effluent gas is continuously conveyed to an analyzer for measuring the concentration of O2 or CO2.

SAMPLING TRAIN

Components:

 Glass or stainless steel probe of sufficient length to traverse required sample points.

 An in-stack or out-of-stack filter made of material which is non-reactive to the sample gas. The filter is not
required where no significant particulate matter is present.

 Sample line made of Teflon or other material that does not absorb or alter the sample gas.

 Condenser or dryer to remove moisture from the sample gas if measuring on a dry basis.

 Leak-free pump constructed of non-reactive material to pull sample through the system at a sufficient rate to
minimize the response time.

 Manifold constructed of non-reactive material to allow the introduction of calibration gases either directly to
the analyzer or into the measurement system at the probe and to direct a portion of the sample to the analyzer
while diverting the rest of the sample to a by-pass discharge vent.

 Analyzer capable of meeting all performance requirements that continuously measures O2 or CO2.

 Computer based data acquisition system for recording measurements.
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EPA Method 3a
Determination of Oxygen and Carbon Dioxide Concentrations
In Emissions from Stationary Sources (Instrumental Analyzer Procedure) Page 2 / 3

Revised: 08/2/2018

SAMPLING PROCEDURES

 Assemble the sampling system and conduct a leak check.

 Confirm that all calibration gas certifications are complete and not expired.

 Conduct an analyzer calibration error test.

 Conduct an initial system bias check and response time test.

 Perform a stratification test to determine the number of sample traverse points unless the measurement is only
being used to determine the stack gas molecular weight in which case a single measurement point may be
used.

 Position the probe at the first sampling point and purge the system for at least two times the response time.
Traverse all required points sampling for equal time at each.

 Conduct a post-run system bias and drift assessment check.

QUALITY ASSURANCE

Measurement System:

 Calibration error is verified to be within ±2% of the calibration span or ±0.5 % difference

 System bias is verified to be within ±5% of the calibration span or ±0.5 % difference

 Drift is verified to be within ±3% of the calibration span or ±0.5 % difference

O2 or CO2 Analyzer:

 Analyzer used for testing has undergone manufacturer interference checks

 Analyzer resolution is < 2.0% full-scale range

Calibration Gas:

 Calibration uncertainty of ≤ 2% certified value
 Low-level gas < 20% of calibration span

 Mid-level gas 40-60% of calibration span

 High-level gas sets the calibration span with test measurements 20-100% of this value

Data:

 Data collection and calculations are conducted on a reviewed computer based system

 Data resolution ≤ 0.5% full-scale range

 Data recording frequency of ≤ 1-minute average

 Minute averages ≤ calibration span
 Run average ≤ calibration span
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EPA Method 3a
Determination of Oxygen and Carbon Dioxide Concentrations
In Emissions from Stationary Sources (Instrumental Analyzer Procedure) Page 3 / 3

Revised: 08/2/2018

CALCULATIONS

Analyzer Calibration Error:

ACE =
CDIR-CV 100

ACE Analyzer calibration error, percent of calibration span

Cv Manufacturer certified concentration of a calibration gas (low, mid, high), ppmv

CDIR Measured concentration of a calibration gas when introduced in direct calibration mode, ppmv

CS Calibration span, ppmv

System Bias:

SB=
CS-CDIR 100

SB System bias, percent of calibration span

CS Measured concentration of a calibration gas when introduced in system calibration mode, ppmv

CS Calibration span, ppmv

Drift Assessment:

D = ǀSBfinal - SBiǀ

D Drift assessment, percent of calibration span

SBfinal Post-run system bias, percent of calibration span

SBi Pre-run system bias, percent of calibration span

Effluent Gas Concentration:

CGas = (CAvg - CO) x
CMA

CM− CO

CGas Average effluent gas concentration adjusted for bias, ppmv

CAvg Average unadjusted gas concentration indicated by data recorder for the test run, ppmv

CO Average of initial and final system bias responses from the low-level (or zero) calibration gas, ppmv

CMA Actual concentration of the upscale calibration gas, ppmv

CM Average of initial and final system bias responses for the upscale calibration gas, ppmv.
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EPA Method 4
Determination of Moisture Content in Stack Gases Page 1 / 3

Revised: 08/2/2018

SUMMARY

A gas sample is extracted from the source at a constant rate.  Moisture is removed from the sample stream by
condensation and moisture is determined either gravimetrically or volumetrically.

SAMPLING TRAIN

Components:

 Stainless steel or glass probe sufficiently heated to prevent condensation.

 In-stack or heated out-of-stack filter

 Teflon sample line

 4 impingers connected in series  placed in an ice bath (impinger exit < 68 °F)

1. Modified Greenburg-Smith, ~100 ml water

2. Greenburg-Smith, ~100 ml water

3. Modified Greenburg-Smith, empty

4. Modified Greenburg-Smith, indicating silica gel

 Umbilical with leak-free vacuum line

 Vacuum gauge, leak-free pump, temperature sensors and a calibrated dry gas meter

 Inclined manometer or equivalent for measuring orifice values
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EPA Method 4
Determination of Moisture Content in Stack Gases Page 2 / 3

Revised: 08/2/2018

SAMPLING PROCEDURES

 Weigh the impinger train.

 Conduct a leak check from the tip of the probe at a vacuum of ≥ 15 inHg. Ensure that the leak rate is ≤ 0.020
cfm before starting a test run.

 Place the probe at the first sampling point.

 Begin sampling at a rate of approximately 0.75 cubic feet per minute. Collect sample data every 10 minutes
including delta H, impinger outlet temperature, and dry gas meter inlet and outlet temperature.

 Conduct a post-test leak check from the tip of the probe or first impinger at a vacuum higher than the highest
vacuum observed during sampling.

RECOVERY PROCEDURES

 Weigh the impinger train.

 Record the difference between the Post and Pre impinger train weights.

 Calculate the moisture content.

QUALITY ASSURANCE

Equipment:

 Dry gas meters are calibrated annually and after each field program.

 All glassware is cleaned prior to field use.

 Impinger exit temperature is monitored during testing to verify compliance with method specification.

 A leak checked is conducted post run at a vacuum equal to or greater than the maximum value reached during
the test run.

 The dry gas meter calibration factor is verified after field use to be within 5% of the annual value.

 Temperature meters are calibrated annually and after each field use.

Data:

 Field data are recorded on prepared forms.

 Only reviewed spreadsheets are used to conduct data reduction calculations.

 All data and deliverables undergo peer review with a signoff form.
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EPA Method 4
Determination of Moisture Content in Stack Gases Page 3 / 3

Revised: 08/2/2018

CALCULATIONS

Dry Gas Volume:

( ) = + 13.6
Vm(std) Volume of gas sample measured by the dry gas meter, corrected to standard conditions, dscf

Vm Volume of gas sample as measured by dry gas meter, dcf

Y Dry gas meter calibration factor

Tstd Standard absolute temperature, 528 °R

Pbar Barometric pressure at the sampling site, inHg

ΔH Average pressure differential across the orifice meter, inH2O

Tm Absolute average DGM temperature, °R

Pstd Standard absolute pressure, 29.92 inHg

Volume of Water Vapor Condensed: ( ) =
Vw(std) Volume of water vapor in the gas sample, corrected to standard conditions, scf

K2 0.04706 ft/ml for English units

Vlc Total volume of liquid collected in impingers and silica gel

Moisture Content: = ( )( ) + ( )
Bws Water vapor in the gas stream, proportion by volume

Vw(std) Volume of water vapor in the gas sample, corrected to standard conditions, scf
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EPA Method 5 
Determination of Particulate Matter from Stationary Sources Page 1 / 5 

 

Revised:   05/2/2019 

 
 

SUMMARY  

Particulate matter (PM) is withdrawn isokinetically from the source and collected on a glass fiber filter maintained at 

a temperature of 248 ± 25 °F. The PM mass, including any material that condenses at or above the filtration 

temperature, is determined gravimetrically after the removal of uncombined water. 

 

SAMPLING TRAIN  

 

 

Components: 

• Stainless steel or glass button-hook nozzle with a sharp, tapered leading edge appropriately sized for 

isokinetic sampling 

• Heated quartz or borosilicate glass lined probe  (248 ± 25 °F) with attached Type S pitot tube and Type K 

thermocouple 

• Heated 3-inch glass fiber filter in glass holder with Teflon frit (248 ± 25 °F) 

• 4 impingers connect in series  placed in an ice bath (impinger exit ≤ 68 °F) 

1. Modified Greenburg-Smith, ~100 ml water 

2. Greenburg-Smith, ~100 ml water 

3. Modified Greenburg-Smith, empty 

4. Modified Greenburg-Smith, indicating silica gel 

• Umbilical with leak-free vacuum line 

• Vacuum gauge, leak-free pump, temperature sensors and a calibrated dry gas meter 

• Dual inclined manometer or equivalent for measuring velocity head and orifice values 
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EPA Method 5 
Determination of Particulate Matter from Stationary Sources Page 2 / 5 

 

Revised:   05/2/2019 

 
 

SAMPLING PROCEDURES   

• Select sampling site and minimum number of sampling points according to EPA Method 1. Mark an 

appropriately sized sampling probe with the points calculated for the location. Determine the sampling time 

per point ≥ 2 minutes. 

• Determine appropriate nozzle size necessary to maintain isokinetic sampling conditions based on stack 

pressure, temperature, and velocity head range according EPA Method 2, stack molecular weight according to 

EPA Method 3/3a, and stack moisture content according to EPA Method 4. 

• Calculate a k-factor based off the selected nozzle size and stack conditions. Assemble the sampling train as 

described above, weigh the impingers and place crushed ice around them.   

• Conduct a leak check from the tip of the nozzle at a vacuum of ≥ 15 inHg. Ensure that the leak rate is ≤ 0.020 

cfm before starting a test run.   

• Place the probe at the first sampling point once all temperatures are within the required range. 

• Begin sampling, making adjustments as necessary to maintain isokinetic sampling rate within ±10%. 

• Traverse the stack using the predetermined sampling points. 

• Conduct a post-test leak check at a vacuum higher than the highest vacuum observed during sampling. 

• Calculate % isokinetic for the run to validate the test. 

     

RECOVERY PROCEDURES 

• Weigh the impingers to determine moisture gain. 

• Container 1 - Carefully remove the filter from its holder and place it in a labeled glass or polyethylene petri 

dish.   

• Container 2 – Rinse and brush the nozzle, probe liner, and front half of the filter holder with reagent grade 

acetone (≤ 0.001 % residue) into a labeled glass or polyethylene sample container with a Teflon or other 

chemically resistant screw cap liner. 

• Blank – Collect 200 ml of acetone from the wash bottle used to conduct recoveries into a labeled sample jar. 
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EPA Method 5 
Determination of Particulate Matter from Stationary Sources Page 3 / 5 

 

Revised:   05/2/2019 

 
 

QUALITY ASSURANCE  

 

Equipment:  

• Pitot tubes, thermocouples, nozzles, and dry gas meters are calibrated annually. 

• All glassware is cleaned prior to field use. 

• Probe, filter, and impinger exit temperatures are carefully monitored during testing to ensure the values are 

maintained within the appropriate range. 

• The entire sampling train is leak checked post run from the tip of the nozzle at a vacuum equal to or greater 

than the maximum value reached during the test run. 

• Sampling rate is verified to be within 10% isokinetic variation (90%-110%). 

• The dry gas meter calibration factor is verified after field use to be within 5% of the annual value. 

 

Samples: 

• New containers are used to collect samples. 

• Each sample container is clearly labeled. 

• A chain of custody is generated for all samples. 

• Samples are transported upright in protective packaging. 

 

Data: 

• Field data are recorded on prepared forms. 

• Only reviewed spreadsheets are used to conduct data reduction calculations. 

• All data and deliverables undergo peer review with a signoff form. 
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EPA Method 5 
Determination of Particulate Matter from Stationary Sources Page 4 / 5 

 

Revised:   05/2/2019 

 
 

CALCULATIONS   

 

Dry Gas Volume: 

𝑉𝑚(𝑠𝑡𝑑) = 𝑉𝑚𝑌
𝑇𝑠𝑡𝑑 (𝑃𝑏𝑎𝑟 +

𝛥𝐻
13.6

)

𝑇𝑚𝑃𝑠𝑡𝑑
 

 

Vm(std) Volume of gas sample measured by the dry gas meter, corrected to standard conditions, dscf    

Vm Volume of gas sample as measured by dry gas meter, dcf    

Y Dry gas meter calibration factor    

Tstd Standard absolute temperature, 528 °R    

Pbar Barometric pressure at the sampling site, inHg    

ΔH Average pressure differential across the orifice meter, inH2O 

Tm Absolute average DGM temperature, °R    

Pstd Standard absolute pressure, 29.92 inHg 

 

 

Volume of Water Vapor Condensed: 

𝑉𝑤(𝑠𝑡𝑑) = 𝐾2𝑉𝑙𝑐 

 

Vw(std) Volume of water vapor in the gas sample, corrected to standard conditions, scf 

K2 0.04706 ft/ml for English units 

Vlc Total volume of liquid collected in impingers and silica gel 

 

 

Moisture Content: 

𝐵𝑤𝑠 =
𝑉𝑤(𝑠𝑡𝑑)

𝑉𝑚(𝑠𝑡𝑑) + 𝑉𝑤(𝑠𝑡𝑑)
 

 

Bws Water vapor in the gas stream, proportion by volume    

Vw(std) Volume of water vapor in the gas sample, corrected to standard conditions, scf 

 

 

Particulate Concentration: 

𝐶𝑠 =
𝐾3𝑚𝑛

𝑉𝑚(𝑠𝑡𝑑)
 

 

Cs Concentration of particulate matter in stack gas, dry basis, corrected to standard conditions, gr/dscf    

K3 0.0154 gr/mg for English units   

Mn Total amount of particulate matter collected, mg 
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EPA Method 5 
Determination of Particulate Matter from Stationary Sources Page 5 / 5 

 

Revised:   05/2/2019 

 
 

CALCULATIONS (CONTINUED) 

 

Isokinetic Variation: 

𝐼 =
100𝑇𝑠 [𝐾4𝑉𝑙𝑐 +

(𝑉𝑚𝑌)
𝑇𝑚

(𝑃bar +
∆𝐻
13.6

)]

60Θ𝑣𝑠𝑃𝑠𝐴𝑛
 

 

Ts Absolute average stack gas temperature, °R 

K4 0.002669 ((inHg)(ft))/((ml)(°R)) for English units    

Vlc Total volume of liquid collected in impingers & silica gel, ml    

Θ Total sampling time, min 

Vs Stack gas velocity, ft/sec 

Ps Absolute stack gas pressure, inHg 

An Cross-sectional area of nozzle, ft2 

 

 

Alternative Post-Test Dry Gas Meter Calibration (EPA Method 5, Section 16.3) 

 

 

   q   ^ 0.5

Vm

Yqa = Dry gas meter calibration check value, dimensionless

q = Total run time, min

Vm = Total sample volume measured by dry gas meter, dcf

Tm = Average dry gas meter temperature, 
o
F

Pb = Barometric pressure, in. Hg

0.0319  = (29.92/528)(0.75)
2
 (in. Hg/

o
R) cfm

2

DHavg = Average orifice meter differential, in H20 

DH@ = Orifice meter calibration coefficient, in H20

Md = Dry molecular weight of stack gas, lb/lb-mole

29 = Dry molecular weight of air, lb/lb-mole

13.6 = Specific gravity of mercury

(Yqa - Y)

Y
Difference =

(Yqa =
            0.0319 (Tm +460) x 29            

DH@ [Pb +(DHavg/13.6)] Md
) (DH^0.5)avg

within + 5%
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EPA Method 7e
Determination of Nitrogen Oxides Emissions from Stationary Sources
(Instrumental Analyzer Procedure) Page 1 / 3

Revised: 08/2/2018

SUMMARY

A sample of the effluent gas is continuously conveyed to the analyzer for measuring the concentration of NOX as NO2.
NO and NO2 may be measured separately or simultaneously, but for the purposes of this method NOX is the sum of
NO and NO2.

SAMPLING TRAIN

Components:

 Glass or stainless steel probe of sufficient length to traverse required sample points.

 An in-stack or out-of-stack filter made of material which is non-reactive to the sample gas. The filter is not
required where no significant particulate matter is present.

 Heated sample line (250oF) made of Teflon or other material that does not absorb or alter the sample gas.

 Condenser or dryer to remove moisture from the sample gas if measuring on a dry basis.

 Leak-free pump constructed of non-reactive material to pull sample through the system at a sufficient rate to
minimize the response time.

 Manifold constructed of non-reactive material to allow the introduction of calibration gases either directly to
the analyzer or into the measurement system at the probe and to direct a portion of the sample to the analyzer
while diverting the rest of the sample to a by-pass discharge vent.

 An analyzer capable of meeting all performance requirements that continuously measures NOX.

 Computer based data acquisition system for recording measurements.
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EPA Method 7e
Determination of Nitrogen Oxides Emissions from Stationary Sources
(Instrumental Analyzer Procedure) Page 2 / 3

Revised: 08/2/2018

SAMPLING PROCEDURES

 Assemble the sampling system and conduct a leak check.

 Confirm that all calibration gas certifications are complete and not expired.

 Conduct an analyzer calibration error test.

 Conduct an initial system bias check and response time test.

 Conduct an NO2 to NO conversion efficiency test if the analyzer being used performs this conversion to
measure NOx.

 Perform a stratification test to determine the number of sample traverse points.

 Position the probe at the first sampling point and purge the system for at least two times the response time.
Traverse all required points sampling for equal time at each.

 Conduct a post-run system bias and drift assessment check.

QUALITY ASSURANCE

Measurement System:

 Calibration error is verified to be within ±2% of the calibration span or ±0.5 ppmv difference

 System bias is verified to be within ±5% of the calibration span or ±0.5 ppmv difference

 Drift is verified to be within ±3% of the calibration span or ±0.5 ppmv difference

NOX Analyzer:

 Analyzer used for testing has undergone manufacturer interference checks

 Analyzer resolution is < 2.0% full-scale range

 Converter efficiency is verified to be ≥90% or demonstrate a decrease from NOXPeak of ≤ 2%

Calibration Gas:

 Calibration uncertainty of ≤ 2% certified value
 Low-level gas < 20% of calibration span

 Mid-level gas 40-60% of calibration span

 High-level gas sets the calibration span with test measurements 20-100% of this value

 Converter efficiency gas concentration is 40-60 ppm NO2

Data:

 Data collection and calculations are conducted on a reviewed computer based system

 Data resolution ≤ 0.5% full-scale range

 Data recording frequency of ≤ 1-minute average

 Minute averages ≤ calibration span
 Run average ≤ calibration span
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EPA Method 7e
Determination of Nitrogen Oxides Emissions from Stationary Sources
(Instrumental Analyzer Procedure) Page 3 / 3

Revised: 08/2/2018

CALCULATIONS

Analyzer Calibration Error:

ACE =
CDIR-CV 100

ACE Analyzer calibration error, percent of calibration span

Cv Manufacturer certified concentration of a calibration gas (low, mid, high), ppmv

CDIR Measured concentration of a calibration gas when introduced in direct calibration mode, ppmv

CS Calibration span, ppmv

System Bias:

SB=
CS-CDIR 100

SB System bias, percent of calibration span

CS Measured concentration of a calibration gas when introduced in system calibration mode, ppmv

CS Calibration span, ppmv

Drift Assessment:

D = ǀSBfinal - SBiǀ

D Drift assessment, percent of calibration span

SBfinal Post-run system bias, percent of calibration span

SBi Pre-run system bias, percent of calibration span

Effluent Gas Concentration:

CGas = (CAvg - CO) x
CMA

CM − CO

CGas Average effluent gas concentration adjusted for bias, ppmv

CAvg Average unadjusted gas concentration indicated by data recorder for the test run, ppmv

CO Average of initial and final system bias responses from the low-level (or zero) calibration gas, ppmv

CMA Actual concentration of the upscale calibration gas, ppmv

CM Average of initial and final system bias responses for the upscale calibration gas, ppmv.
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EPA Method 10
Determination of Carbon Monoxide Emissions from Stationary Sources
(Instrumental Analyzer Procedure) Page 1 / 3

Revised: 08/2/2018

SUMMARY

Effluent gas is continuously conveyed to an analyzer for measuring the concentration of CO. Alternatively, sample
gas may be collected in a Tedlar bag followed by analysis with a calibrated analyzer.

SAMPLING TRAIN

Components:

 Glass or stainless steel probe of sufficient length to traverse required sample points.

 An in-stack or out-of-stack filter made of material which is non-reactive to the sample gas. The filter is not
required where no significant particulate matter is present.

 Heated Sample line (250ºF) made of Teflon or other material that does not absorb or alter the sample gas.

 Condenser or dryer to remove moisture from the sample gas if measuring on a dry basis.

 Leak-free pump constructed of non-reactive material to pull sample through the system at a sufficient rate to
minimize the response time.

 Manifold constructed of non-reactive material to allow the introduction of calibration gases either directly to
the analyzer or into the measurement system at the probe and to direct a portion of the sample to the analyzer
while diverting the rest of the sample to a by-pass discharge vent.

 An analyzer capable of meeting all performance requirements that continuously measures CO.

 Computer based data acquisition system for recording measurements.

Page 18 / 28Weymouth Turbine Emissions Testing

ENBR2023-6

Appendix F



EPA Method 10
Determination of Carbon Monoxide Emissions from Stationary Sources
(Instrumental Analyzer Procedure) Page 2 / 3

Revised: 08/2/2018

SAMPLING PROCEDURES

 Assemble the sampling system and conduct a leak check.

 Confirm that all calibration gas certifications are complete and not expired.

 Conduct an analyzer calibration error test.

 Conduct an initial system bias check and response time test.

 Perform a stratification test to determine the number of sample traverse points.

 Position the probe at the first sampling point and purge the system for at least two times the response time.
Traverse all required points sampling for equal time at each.

 Conduct a post-run system bias and drift assessment check.

QUALITY ASSURANCE

Measurement System:

 Calibration error is verified to be within ±2% of the calibration span or ±0.5 ppmv difference

 System bias is verified to be within ±5% of the calibration span or ±0.5 ppmv difference

 Drift is verified to be within ±3% of the calibration span or ±0.5 ppmv difference

CO Analyzer:

 Analyzer used for testing has undergone manufacturer interference checks

 Analyzer resolution is < 2.0% full-scale range

Calibration Gas:

 Calibration uncertainty of ≤ 2% certified value
 Low-level gas < 20% of calibration span

 Mid-level gas 40-60% of calibration span

 High-level gas sets the calibration span with test measurements 20-100% of this value

Data:

 Data collection and calculations are conducted on a reviewed computer based system

 Data resolution ≤ 0.5% full-scale range

 Data recording frequency of ≤ 1-minute average

 Minute averages ≤ calibration span
 Run average ≤ calibration span
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EPA Method 10
Determination of Carbon Monoxide Emissions from Stationary Sources
(Instrumental Analyzer Procedure) Page 3 / 3

Revised: 08/2/2018

CALCULATIONS

Analyzer Calibration Error:

ACE =
CDIR-CV 100

ACE Analyzer calibration error, percent of calibration span

Cv Manufacturer certified concentration of a calibration gas (low, mid, high), ppmv

CDIR Measured concentration of a calibration gas when introduced in direct calibration mode, ppmv

CS Calibration span, ppmv

System Bias:

SB=
CS-CDIR 100

SB System bias, percent of calibration span

CS Measured concentration of a calibration gas when introduced in system calibration mode, ppmv

CS Calibration span, ppmv

Drift Assessment:

D = ǀSBfinal - SBiǀ

D Drift assessment, percent of calibration span

SBfinal Post-run system bias, percent of calibration span

SBi Pre-run system bias, percent of calibration span

Effluent Gas Concentration:

CGas = (CAvg - CO) x
CMA

CM − CO

CGas Average effluent gas concentration adjusted for bias, ppmv

CAvg Average unadjusted gas concentration indicated by data recorder for the test run, ppmv

CO Average of initial and final system bias responses from the low-level (or zero) calibration gas, ppmv

CMA Actual concentration of the upscale calibration gas, ppmv

CM Average of initial and final system bias responses for the upscale calibration gas, ppmv.
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SUMMARY

A gas sample is extracted from the source through a heated sample line and glass fiber filter to a flame ionization
analyzer.

SAMPLING TRAIN

Components:

 Stainless steel probe heated to ≥ 220 °F.

 A glass fiber in-stack filter or a glass fiber out-of-stack filter heated to ≥ 220 °F. The filter is not required
where no significant particulate matter is present.

 Teflon or stainless steel sample line heated to ≥ 220 °F.

 Leak-free pump constructed of non-reactive material to pull sample through the system at a sufficient rate to
minimize the response time.

 Manifold constructed of non-reactive material to allow the introduction of calibration gases into the
measurement system at the probe.

 Flame ionization analyzer capable of meeting all performance requirements.

 Computer based data acquisition system for recording measurements.
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SAMPLING PROCEDURES

 Assemble the sampling system and conduct a leak check.

 Confirm that all calibration gas certifications are complete and not expired.

 Conduct an analyzer calibration error test sending gas through the entire measurement system.

 Conduct a response time test.

 Position the probe so that sample is collected from the centrally located 10% area of the stack.

 Begin sampling after ≥ 2 times the sampling response time has passed.

 Conduct a post-run drift assessment check.

QUALITY ASSURANCE

Measurement System:

 Calibration error is verified to be within ±5% of the calibration gas value

 Drift is verified to be within ±3% of the span value

Analyzer:

 Analyzer used for testing has undergone manufacturer interference checks

 Analyzer resolution is < 2.0% full-scale range

Calibration and Support Gas:

 Calibration uncertainty of ≤ 2% certified value
 High purity air zero gas < 0.1 ppmv organic material

 Low-level calibration gas 25-35% of the applicable span value

 Mid-level gas 45-55% of the applicable span value

 High-level gas 80-90% of the applicable span value

 Fuel consisting of 100% H2

Data:

 Data collection and calculations are conducted on a reviewed computer based system

 Data resolution ≤ 0.5% full-scale range

 Data recording frequency of ≤ 1-minute average

 Minute averages ≤ calibration span
 Run average ≤ calibration span
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CALCULATIONS

Analyzer Calibration Error: ACE = -V 100
ACE Analyzer calibration error, percent of calibration gas value

CS Measured concentration of a calibration gas through the sampling system, ppmv

Cv Manufacturer certified concentration of a calibration gas (low, mid, high), ppmv

Drift Assessment: D = - 100
D Drift assessment, percent of span

CS Measured concentration of a calibration gas through the sampling system, ppmv

Ci Initial analyzer response, ppmv

CS Calibration span, ppmv
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SUMMARY  

Particulate matter (PM) is withdrawn isokinetically from the source in accordance with EPA Methods 5, 17 or 201A.  

The Method 5, 17 and 201A front half sampling train components remove filterable particulate matter before the 

sample gas is drawn through the Method 202 components to collect condensable particulate matter (CPM). The 

Method 202 sampling train components begin with a glass coil condenser, followed by two dry impingers, and a 

Teflon filter. Condensate collected in the dry impingers and on the Teflon filter is recovered.  The condensate and 

filter are extracted and organic and aqueous fractions are dessicated and weighed to determine the mass of total CPM. 

 

SAMPLING TRAIN 

 

Components: 

• Glass spiral condenser 

• 2 impingers connected in series (≤ 85 °F) 

1. dropout impinger, empty 

2. modified Greenburg-Smith impinge, empty 

• Glass or stainless steel filter holder and Teflon filter with thermocouple (≥65 °F  and ≤ 85 °F) 

• 2 impingers connect in series  placed in an ice bath (impinger exit ≤ 68 °F) 

1. Modified Greenburg-Smith, 100 ml H2O 

2. Modified Greenburg-Smith, indicating silica gel 

• Umbilical with leak-free vacuum line 

• Vacuum gauge, leak-free pump, temperature sensors and a calibrated dry gas meter 

• Dual inclined manometer or equivalent for measuring velocity head and orifice values 
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SAMPLING PROCEDURES   

• Select sampling site and minimum number of sampling points according to EPA Method 1. Refer to Method 

4, 17 or 201A for sampling specifications 

• Assemble the Method 202 sampling train components as shown above, weigh the impingers, place water 

around the first two impingers, activate the condenser recirculation pump, and place crushed ice around the 

third and fourth impingers.   

• Conduct a leak check from the tip of the nozzle at a vacuum equal to or greater than the highest anticipated 

during testing. Ensure that the leak rate is ≤ 0.020 cfm before starting a test run.   

• Place the probe at the first sampling point.   

• Begin sampling at the isokinetic rate in accordance with EPA Methods 5, 17 or 201A. 

• Traverse the stack using the predetermined sampling points. 

• Conduct a post-test leak check at a vacuum higher than the highest vacuum observed during sampling. 

 

     

RECOVERY PROCEDURES 

• Weigh the impingers to determine moisture gain. 

• Conduct a pressurized purge of the CPM train by transferring water collected in the condenser and dropout 

impinge into the backup impinger. If the tip of the backup impinge does not extend below the water level, add 

a measured amount of degassed, deionized ultra-filtered water. Purge at a minimum of 14 liters per minute 

using filtered ultra-high purity nitrogen. 

• Container 1 (Aqueous liquid impinger contents) – Quantitatively transfer liquid from the dropout and the 

impinger prior to the CPM filter into a clean sample bottle (glass or plastic).  Rinse the probe extension, 

condenser, each impinger and the connecting glassware, and the front half of the CPM filter twice with water.  

Recover the rinse water and add it to the same sample bottle.  Mark the liquid level on the bottle.    

• Container 2 (Organic rinses) – Rinse the probe extension, condenser, each impinger and the connecting 

glassware, and the front half of the CPM filter twice with acetone.  Then repeat the entire rinse procedure with 

two rinses of hexane, and save the hexane rinses in the same container as the acetone rinse. Mark the liquid 

level on the bottle.    

• Container 3 (CPM filter) – Place the filter in a labeled petri dish. 

• Acetone Field Reagent Blank – Take 200 ml of acetone directly from the wash bottle and place it in a clean, 

leak-proof container.  Mark the liquid level on the bottle.  

• Water Field Reagent Blank – Take 200 ml of water directly from the wash bottle and place it in a clean, leak-

proof container.  Mark the liquid level on the bottle.  

• Hexane Field Reagent Blank – Take 200 ml of water directly from the wash bottle and place it in a clean, 

leak-proof container.  Mark the liquid level on the bottle.  

• Field Train Recover Blank – After the first or second run, add 100 ml of water to the first impinger, purge and 

recover the assembled train as above. This blank weight will be subtracted from the field sample weights 

(max of 2.0 mg). 
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ANALYTICAL PROCEDURES 

• Container 3 – Conduct triplicate extractions of the inorganic fraction of the CPM filter using deionized, ultra-

filtered water and combine with container 1. Conduct triplicate extractions of the organic fraction of the CPM 

filter using hexane and combine with container 2.  

• Container 1 – Use hexane to extract the organic fraction and add it to container 2. Transfer the remaining 

aqueous fraction to a tarred beaker, evaporate to dryness, desiccate for 24 hours, and weigh to a constant 

weight to the nearest 0.1 mg. 

• Container 2 – Transfer the organic fraction to a tarred beaker, evaporate to dryness, desiccate for 24 hours, 

and weigh to a constant weight to the nearest 0.1 mg. 

• Acetone Field Reagent Blank - Transfer 150 ml of the acetone to a tarred beaker, evaporate to dryness at room 

temperature and pressure in a laboratory hood, desiccate for 24 hours, and weigh to a constant weight to the 

nearest 0.1 mg. 

• Water Field Reagent Blank - Transfer 150 ml of the water to a tarred beaker, evaporate to dryness, desiccate 

for 24 hours, and weigh to a constant weight to the nearest 0.1 mg. 

• Hexane Field Reagent Blank - Transfer 150 ml of the hexane to a tarred beaker, evaporate to dryness at room 

temperature and pressure in a laboratory hood, desiccate for 24 hours, and weigh to a constant weight to the 

nearest 0.1 mg. 

• Field Train Recover Blank – Analyze following the same procedures as above. 

 

QUALITY ASSURANCE  

Equipment  

• Pitot tubes, thermocouples, nozzles, and dry gas meters are calibrated annually. 

• All glassware is cleaned and baked (6 hours at 300 °C) prior to field use. 

• Probe, filter, and impinger exit temperatures are carefully monitored during testing to ensure the values are 

maintained within the appropriate range. 

• The entire sampling train is leak checked post run from the tip of the nozzle at a vacuum equal to or greater 

than the maximum value reached during the test run. 

• Sampling rate is verified to be within 10% isokinetic variation (90%-110%). 

• The dry gas meter calibration factor is verified after field use to be within 5% of the annual value. 

 

Samples 

• New containers are used to collect samples. 

• Each sample container is clearly labeled. 

• A chain of custody is generated for all samples. 

• Samples are transported upright in protective packaging. 

 

Data 

• Field data are recorded on prepared forms. 

• Only reviewed spreadsheets are used to conduct data reduction calculations. 

• All data and deliverables undergo peer review with a signoff form. 
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CALCULATIONS   

 

Dry Gas Volume: 

𝑉𝑚(𝑠𝑡𝑑) = 𝑉𝑚𝑌
𝑇𝑠𝑡𝑑 (𝑃𝑏𝑎𝑟 +

𝛥𝐻
13.6

)

𝑇𝑚𝑃𝑠𝑡𝑑
 

 

Vm(std) Volume of gas sample measured by the dry gas meter, corrected to standard conditions, dscf    

Vm Volume of gas sample as measured by dry gas meter, dcf    

Y Dry gas meter calibration factor    

Tstd Standard absolute temperature, 528 °R    

Pbar Barometric pressure at the sampling site, inHg    

ΔH Average pressure differential across the orifice meter, inH2O 

Tm Absolute average DGM temperature, °R    

Pstd Standard absolute pressure, 29.92 inHg 

 

 

Volume of Water Vapor Condensed: 

𝑉𝑤(𝑠𝑡𝑑) = 𝐾2𝑉𝑙𝑐 

 

Vw(std) Volume of water vapor in the gas sample, corrected to standard conditions, scf 

K2 0.04706 ft/ml for English units 

Vlc Total volume of liquid collected in impingers and silica gel 

 

 

Moisture Content: 

𝐵𝑤𝑠 =
𝑉𝑤(𝑠𝑡𝑑)

𝑉𝑚(𝑠𝑡𝑑) + 𝑉𝑤(𝑠𝑡𝑑)
 

 

Bws Water vapor in the gas stream, proportion by volume    

Vw(std) Volume of water vapor in the gas sample, corrected to standard conditions, scf 

 

 

Condensable Particulate Matter (CPM) Concentration: 

𝐶𝑐𝑝𝑚 =
𝑚𝑐𝑝𝑚

𝑉𝑚(𝑠𝑡𝑑)
  

 

Ccpm Concentration of condensable particulate matter in stack gas, dry basis, corrected to standard conditions, 

mg/dscf    

Mcpm Total amount of condensable particulate matter collected, mg 
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CALCULATIONS (CONTINUED) 

 

Isokinetic Variation: 

𝐼 =
100𝑇𝑠 [𝐾4𝑉𝑙𝑐 +

(𝑉𝑚𝑌)
𝑇𝑚

(𝑃bar +
∆𝐻

13.6
)]

60Θ𝑣𝑠𝑃𝑠𝐴𝑛
 

 

Ts Absolute average stack gas temperature, °R 

K4 0.002669 ((inHg)(ft))/((ml)(°R)) for English units    

Vlc Total volume of liquid collected in impingers & silica gel, ml    

Θ Total sampling time, min 

Vs Stack gas velocity, ft/sec 

Ps Absolute stack gas pressure, inHg 

An Cross-sectional area of nozzle, ft2 
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